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ENZYME HYDROLYSIS
SECTION 1
EXECUTIVE SUMMARY

1.1 INTRODUCTION

Stone & Webster Engineering Corporation (SWEL) has prepared an Eccnomic
Feasibility Study of an enzvme-based ethanol plant as requested by the Solar
Fnergy Research Institute (SERI). The study's objectives are to determine
the current economic status of the conversion of lignocellulose to ethanol
via enzymatic hydrolysis and to provide recommendations for further research
and development. The results of this study include an integrated process
design, a capital cost estimate, an investment analysis {including an
analysis of alternative designs), and recommendations for the direction of
future research and development.

The site for the enzyme-based ethanol plaant (EEP) 1is on the island of
Hawaii, near the city of Hile. The full scale plant will be capable of
producing 15,000,000 galleons per year of fuel-grade ethanol from eucalyptus
wood chips.

The technical information utilized in this study was obtained from SERT,

published literature, The Hawaii Natural Eaergy Institute (HNZI), process
and equipment vendors, and SWEC in-house data.

1.1-1



1.2 PROJECT SIMMARY

Ethanol is a high-value liquid fuel which can bes derived from renewable,
nonpetroleum feedstocks. Ethanol, as a beverage, has been produced for
centuries from starch and sugar-bearing fruits, vegetables, 2arnd grain
products. Unfortunately, these feedstocks are primarily used Tfor both human
and animal consumption, and are considered both economically and politically
unattractive as feedstocks for fuel ethanol plants on a large scale
(~ 10 x 10°® gal/yr) application, such as that contemplated for the U.S.
automotive fuel market. An alternative biomass feedstock which is not part
of the basic food chain is wood. The technical and economic feasibilityv of
commercially produncing ethanol from wood via enzyme hydrolysis is assessed
and reported in this study.

A specific site (mear Hilo, on the island of Hawaii) was chosen to assess
the techniczl and economic. viability of producing ethanol from cultivated
eucalyptus tree farms. Of the 2.5 million acres of land on th2 island of
Hawaii, 569,000 acres are classified as forest land for commercial use.
Studies performed by HNEI report that the eucalvptus species exhibit high
growth rates that translate into a mean annual incremental yield of 10
bone-dry tons (BDT) per acre per vear. This high feedstock growth rate is
capable of easily supporting the requiremeats of the enzvme hydrclysis plant
and is not a limiting factor in plant size determination. The plant size of
15 million gallons per year ethanol was selacted as a maximum fezsible size
because of the market demand for fuel ethanol in the state of Hawaii. At
the growth rate of 10 BDT/acre-yr, the enzvme-based ethanol plant (15
million gal/yr with the required 463,500 tons/yr cf feedstock) weuld reguire
23,000 acres of Hawaii's forest land.

The eucalyptus wood contains three main fractions; c¢ellulose (hexose),
hemicellulose (pentose), and lignin. The base-case design uses only the
hexose fraction of the wood to produce ethacol. The other wood components
have the potential of producing significant revenue for the process. The
pentose sugars produced in the enzvme hydrolysis process have a potential
value as animal feed or could be converted to the by-product furfural.
Lignin is also another potentially valuable bv-product that could be sold to
increase plant revenue. Unfortunately, the market for these bvy-products is
undefined and further investigation would be required to determine their
potential marketability and/or their export value. An alternative use for
the pentose sugars would be to convert them directly to alcohol via fermen-
tation. Although this would be considered to be economically favorable,
pentose (Cs) fermentation 1is not Jet considered tc be a commercial
technology. In view of the nonexistent bv-product markets in Hawaii and
commercially unproven technology, the base-case design utilizes the pentose
sugars in an anaerobic digester to produce methane-rich gas. This methane-
rich gas, along with extracted lignin, is used as boiler fuzl to produce
steam required by the process.

1.2.1 Design Criteria and Basis of Design

The design of the base-case EEP was determined byvutilizing the following
general guidelines:



1. Maximize the production of ethanol while minimizing bv-product
production.

2. Use commercially available equipment where applicable.

3. Assume technically undeveloped equipment (when used) can be scaled
to commercial size.

4. Select base-case equipment, based on good engineering practics,
which is conservative in actual design but optimistic in expected
performance.

. - '
3.  Maximize process heat integration and water recyele.

The base-case plant was designed and costed to detarmine a realistic current
price for wood~derived ethanol. Although the individual proceéssing sections
are largely based on laboratory or bench-scale data, the enzyme bhydrolysis
base-case design is an integrated process ‘scaled to a 15 million gal/vr
size. The basis of design is summarized in Table 1.2-1.

The feedstock handling system receives chipped wood from the eucalyptus tree
farm, removes metal and oversized material, contains 14 days of storage, and
supplies a sized product to the process.. The processed chips are conveyed
to the pretreatment section where the wood chips are impregnated with a
0.2 wt percent concentration of sulfuric ‘acid.  This pretreatment step
enhances the desirable effects of the steam explosion treatment (higher
glucose yields), while minimizing the severity of the 'steam explosion
conditions. The acid-soaked wood chips are fed into the steam explosion
guns where high pressure steam is injected to raise the temperature and
pressure to 464°F and 470 psig, respectively. The wood chips are cooked for
5 seconds at temperature and exploded into a medium pressure (MP) flash
vessel. The steam explosion treatment enhances the accessibility of the
wood to  enzyme hydrolysis by disrupting the cellulose microfibrils, de=
taching the lignin, and increasing the surface area of the cellulose. The
energy 'of steam explosion 'is recovered as ‘60 psig 'steam in the MP ‘flash
vessel for process use. . The exploded pulp is cooled in -a vacuum flash and
then washed in the counter-current water/alkali wash to  remove.  soluble
hemicellulose (pentose) sugars. and extract lignin with  sodium hydroxide.
The water wash is essential to remove the water soluble degradation products
that are inhibitors of yeast fermentation and the production and activity of
the enzyme complex. Lignin is removed prior to hvdrolysis because of its
potential interference with the enzyme recovery and hydrolysis performance.
The recovered Ilignin is  combusted as boiler fuel for the production of
process steam. Eight percent of the washed cellulose stream is conveyed to
the enzyme production section where the total hydrolysis makeup enzyme
requirement is produced. The system design utilizes the Rut-C=30 strain of
Trichoderma Reesei and is ‘a batch fed enzyme fermentation modeled after
experimental data developed at the University of Califoraia, in Berkelay,
Fermentable sugars are formed bv enzyme attack on  the remaining  washed
cellulose stream in the hydrolysis sectionm.  The glucose concentrition ia
hydrolysis was chosen as 7 weight percent with an anticipated vield of 84
percent of cellulose conversion within 48 hours. This information is based
on data generated from a steam-exploded corn stover at the University of
Californmia, Berkeley, since information om stzam-exploded eucalyptus is not

1.2-2



readily available. Enzyme recovery is also included as part of the base-
case design, which assumes 50-percent recovery of enzvme filter paper
activity. The hydrolysate stream is concentrated in a five-stage, multi-
effect evaporator and fermented in an immobilized veast, fluidized bed,
fermentation system. The resultant ethanol is recovered in a standard
integrated distillation system.

The process design optimizes the energy and water balances by integrating
steam producers and users within the plant and recycling process water for
washing and dilution. The pentose sugars removed in the water wash are seat
to the anaerobic digester to produce a methane-rich gas. The resultant
methane-rich gas, recovered lignin, and unconverted cellulose are burned in
a fluidized bed boiler to produce high pressure steam for process use.

Those areas of the design in which the technology is not proven are identi-
fied as areas requiring additiomal testing, and research and development.
The formulation of a more detailed design for comstruction ard a definitive
cost estimate requires specific information for the properties of both the
wood and hydrolysate streams through pilot or bench-scale testing. Steril-
ity requirements must be determined and solid separation parameters verified
for C3; recovery, lignin wash, and hydrolvsis enzyme recovery units. The
effective selection of materials for constructien requires more accurate
definition of trace components fouad in the process streams. The effect of
process scale-up of the enzyme production and hydrolysis vessels on both air
sparging and mixing requirements should be determined.

In additicn to the scale-up of bench-scale data, major process uncertainties
stem from the effect of inhibitory compounds which may be found in the
eucalyptus wood. The process has been designed to reduce the effect of
inaibitory compounds by including the water and alkali wash (lignin removal)
prior to hydrolysis and enzyme production, and the evaporator system prior
to ethanol fermentatiocn.

Wastewater from the plant is recycled as wash water in the first stages of
the water/alkali wash and then sent to the anmaerobic digester for the
production of a methane-rich gas. Only clean condensate from the evaporator
is recycled as makeup water to the acid impregnation and hydrolysis
sections. Conclusive testing of euncalyptus feedstocks is necesssary to
determine plant yields and effects of inhibitory compounds, especially if
the base case is modified to remove lignin after hyvdrolysis and/or the
evaporator system.

1.2.2 Base~Case Economic Analvsis

The capital cost estimate for the enzyme hydrolysis base-case design was
generated using budgetary cost estimates from vendors and in-house cost
estimates based on equipment specifications. The capital costs of the
enzyme-based ethanol plant are shown in Table 1.2-2. The base-case total
facility investment is estimated to be $130,624,000, including an allowance
for indeterminants. This cost does not include any funds for a process
development allowance. Due to the current level of the process design
development, a potential increase in the total facilities investment exists
and should not be ignored.



The i%ggstment analysis of the enzyme-based‘5§hanol plant '(EEP) is:based on
the N plant in. a3 series of EEPs. The N~ plant is assumed to be con-
structed over a 32-month period from project authorization to. ¢ommercial
operation. The economic analysis is based dn a discounted cash flow rate of
return (DCFROR) of 15 percent after taxes; a comstant dollar basis (1984
dollars) and 100 percent equity fimancing. The analysis includes the use of
the investment tax credit (ITC-10 percent), the energy investment tax credit
(EITC~10 percent) and the accelerated cost recovery system (depreciation,
ACRS-15, 22, 21, 21, 21 percent) over 5 years. The ACRS is applied to
90 percent of the depreciable plant in accordance with current regulations.
The economic basis is shown in' Table 1.2-4. No specific alcohol fuel tax
credit is taken since it is assumed that this credit is already reflected ir
the current selling price for fuel ethanol. ' The base~c¢ase design results in
a required ethanol selling price of $3.50/gal.

A change in the finmancial basis to ‘include 25 percent debt at a real
interest rate of 8 percent reduces the required ethanol selling price to
$3.04/gal. This price is still above the estimated ethanol selling price in
Hawaii of $1.80-52.00/gal  and indicates that a better use of the pentose
(Cs) and lignin fractions of the wood "is required to attract investor
inancing for this facility.

A comparison of site  location 'for this ' plant was done to identifyv the
potential changes in the process. economics: The comparison ‘site selected
was Spokane, Washington. The " overall ~capital - costs are -‘essentially
unchanged.  Savings in construction labor:icosts and freight charges are
offset by the more severs climatic -conditions in . Spokane. —~The. major
operating advantage is in lower wood costs and lower electric¢ity costs. The
potential reduction in ‘the base-~case ethanol selling price is approximately
$0.25/gal.

The summary of operating costs for the base-cass ethanol plant and the basis
for the investment analvsis are shown in: Table 1.2«3 and  Table. 1.2-%,
respectively.

1.2.3 Trade-off Studies and Processing Cptions

The base case design was chosen to utilize 'current commercial ‘technology
wherever applicable. - Assumptions. -for indeterminate by-product markets -and
technology were  not made  and,  therefore, 'the design utilized potential
by-products internally. The base~case design utilized the pentose fraction
of the wood to produce.a methane-rich gas ‘in the anaerobic digester. This
methane-rich gas and the lignin fraction of the wood ‘'are. combusted to
produce steam for process use. The investment analysis for the base case
showed a need to enhance plant. revenue, . Trade-cff studies were performed to
evaluate potential economic and. technical improvements in process modifica-
tions, research and development advances, and by-product.sales.

Alternative Uses of By-Products

Trade offs determining the effect of alternative. uses of potential by-
prodicts on the selling price of ethanol indicate that the sale of the by
products  produced from the pentose fractions of the wood and the sale of
lignin are the most significant ways to “reduca. the ‘production cost of
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ethanol. The most economically attractive uses for the pentose sugars are
for the production of ethanol, or the production of furfural. The range of
required ethanol prices was determined by analyzing two scenarios. These
cases were based on combinations. of sensitivity parameters for the ad-
ditional production of ethanol or furfural from pentose sugars, with and
without the sale of lignin. The two scenarios considered were as follows:

. An optimistic scenario which considered a 15-percent decrease in
capital costs, the sale of carbon dioxide at $10/ton, a decrease
in wood price of §$10/dry ton, the assumption of debt, and an
increase in the stream factor to 95 percent.

* A pessimistic scenario which considered a 25-percent increase in
capital cost, an increase in the wood price of $10/dry ton, the
assumption of debt, and a decrease in stream factor to 70 percent.

The ranges of required ethanol selling price between optimistic and pessi-
mistic scenarios for both cases of pentose conversions, with and without
lignin sale, are:

Case Required Ethanol Selling Price
W/Lignin Sale(*) W/0 Lignin Sale
($/gal) (§/gal)
Pentose to Ethanol §1.52-32.65 52.08-353.16
Pentose to Furfural(?) $1.42-52.90 $2.14-83.56
Note: (1) Lignin sold at 15¢/1b, net to plant. (3) Furfural sold =zt
20¢/1b.

Selling the ethanol or furfural (produced from the Cy fraction) along with
lignin, results in a favorable ethanol selling price under optimistic
conditions.

Tachnical Process Improvements

The sensitivity analyses on the base case are extended by considering poten-
tial technical improvements. The areas where viable economic improvement
could be achieved through further research and development are increasing
enzyme activity and increasing the efficiency of hydrolysis. The recovery
of sodium hydroxide has also been identified as an improvement which should
be included in any future design. The potential reduction in the required
ethanol selling price for these goals are:

Component , Reduction in Ethanol Sellingz Price
(¢/gal)

Enzyme Activity 13

Hydrolysis Efficiency 21

Sodium Hydroxide Recovery 15

These three technical improvements are potentially additive and have a com-
bined effect of potenmtially lowering the ethanol selling price by approxi-
mately $50.50/gal. '



The importance of achieving these optimistic research goals is secondary to
the  sale of ~ by-products, but  the combined effect will —‘enhance the
attractiveness of the process to private investors.

Some of the less viable technical improvements that may be beneficial are:

. The removal of lignin after hydrolysis
. Elimination of the evaporator
. Elimination of the chip soak " pretreatment

These areas of potential economic¢ improvements have certain technical and
mechanical uncertainties which require testing before they can be considered
commercially viable.
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TABLE 1.2-1

ENZYME BASED ETHANOL PLANT - BASIS OF DESIGN

Ttem

Plant Capacity

Operating Time
Location

Feedstock

Impregnation:

Sulfuric Acid Conc.
in Chip Soak

Retention Time
Steam Explosion:
Pressure
Retention Time
Enzyme Production:
Enzyme Titre
Residence Tine
Organism
Hvdrolvsis:

Residence Time
Glucose Yield

Cellulose Teed Conc
Recovery of Filter
Paper Activity

Evaporator:
Type

Concentration of
Glucose Achieved

Rasis

15 MM gal/vr of denatured fuel-grade

ethapnol

8,000 hr/vr

The Island of Hawaii
Eucalyptus Globulus (Blue Gum):

50 percent Moisture Content:
463,500 ton/vr

0.2 wt percent

48 hours

470 psig (saturated)
5 sec at pressure (approximately
40 sec total)

30 FPU/ml
13 dayvs
Trichoderma Reesei - Rpt - C=30

48 hours

84 wt percent from Steam-Exploded
Cellulose

7.0 wt percent

50 percent

Five~stage multi-effect evaporatoer

15 wt percent



TABLE 1.2-1 (Coatinued)

Item Basis
Fermentation:
Reactor Continusus, immobilized bed
Theoretical YTield
of Ethanol from Glucose 95 percent

"
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TABLE 1.2-2

I

ENZYME-BASED ETHANCL PLANT

CAPITAL COST - BASE CASE

Component

Materizl and Equipment
Labor
Freight and Tariffs

Total Base Cost
Land Cost
Engineering and Construction Management
Allowance for Indeterminants

Total Installed Cost
Initial Catalysts and Chemicals
Startup Expenses (3 months)
Interest During Construction
Working Capital

Total Facilities Investment

o]
e
-k

54,885,000
32,915,000

)

s

2,400,000

90,200,000
72,000
13,312,000
16,876,000

120,460,000
439,000
12,068,000
14,375,000
3,282,000

150,624,000



Comeonent

Raw Mataerials
Wood to Process
Sulfuric acid
Sodium Hvdroxide

TABLE 1.2-3

CF QPERATING COST3
CASE ¢1?

Price (S/vr)

3,4%6,072
704,900
2,885,000

Ammonia 340,8C0

Wood to Seilsr 42,022

Gascline 714,304
Procass Chemicals 374,10
0fIsite Chemicals 582,750
Cverzating Labor 4,813,000
Mainteanance (Labor & Strpliszs) 3,560,237
Electricity 4,544,000
Insuranca and Taxes 1,783,200
Miggellaneous 849,100
NOTE:
1. 15 x 10% gal/vr ethancl procductien’

[o
9]

tty
IJ

Ethanol Cost
ontributicn
(¢/gal)
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TABILE 1.2-4

BASIS FOR INVESTMENT ANALYSIS(1)

Component Amount
Plant Life, vears 20
Plant Operation, hr/vr 8,000
Equity, percent 100
Required Return on Investment, percent 15 DCFROR (after tax)
Interest Rate During Construction, percent & real
Ethanol Production Rate, Million gal/yr 15
Tax Rate, percent 50\
Investment Tax Credit, percent 10
Renewable Energy Tax Credit, percent ‘ 10
Depreciation (on 90% of plant) 15, 22, 21, 21, 21
Construction Time, years 2.7
Wood Cost $39/BDT
Note: (1) The investment analvsis is based on a discounted cash flow

rate of return (DCFRCR) in constaznt 1984 dollars. The cost
of capital (Rate of Return) and interest rates ars net of
inflation.

P, §
by



1.3 Conclusions

The enzyme hydrolysis process 1s currently in the bench/pilot scale of
development. The design of the base case plant assumes that the laboratory
and bench-scale data can be scaled to commercial size. The uncertainties
associated with a plant design at this stage of development make definitive
economic evaluations questionable.

The investment analysis clearly indicates that by-product credits are
necessary to Jjustify continued research and development. Additional
economic data for feedstock costs and availability confirmed by-product
values and markets are required. The additional wmarket and financial data
should then be evaluated against competing fuel grade ethanol feedstocks
(i.e., molasses, MSW, bagasse, cora stover, pulp and paper wastes) to
determine the relative economic incentive for wood as a feedstock under
various economic conditions.

If the market analysis confirms the favorable economics of wood as a feed-
stock because of the ability to market high value by-products, then
continued research and development (R&D) and integrated pilot plant
demonstrations would be justified. This feasibility study points out, that,
with sufficient by-product credits vunder optimistic conditions and
demonstration of an integrated pilot enzyme hydrolysis plant, competitively
riced ethanol can be produced. Substantial R&D is necessary to provide
additional economic incentive for the enzyme process. Future R&D goals

should be carried out to provide confirmed yield and operating data for
commercial plant design.



SECTICN 2

INTRCDUCTION AND HISTCRY OF HYDROLYSIS OF WCOD TO ETHANCL

The conversion of bicmass to liquid fusls and chemical feedstocks has
been the subject of a great deal of research and development activities
in recent years. One of the heavily studied methcods for conversien of
bilomass involves the saccharification of celiulosic materials and
fermentation to a fuel-grade ethanol.

Ethanol producticn by enzvmatic fermentation of carbchydrates is a well
developed technology. Racently, there has been growing intersst in the
use of biomass as feedstocks for alcchol production. Cellulose frem
wood is in abundant supply and is relatively inexpensive, whersas the
market for other scurcss of sugar-contalning crops traditionally usad in

ethanol production mav be adversely affected as world pepulation grows

and the demand for food supplies increasss.

Ethanol production from biomass (renewable cellulosics) by fsarmentation
consists of three distinct stage: hwdrolvsis, fermentation, and
purificaticn. Advances have been made in 311 three stages, $o that
teday many technically feasible alternatives for alcohol production
exist.

Hvdrolvsis of celluleose consists of breaking down the complex cellulssic
polvsaccharids to its component sugars, which can be enzymatically
fermented to alcchols. Biomass of plant origin contains thres= major

ccmponents:

. Cellulose

. Hemiceliulose

. Lignin
During hvdrolysis, c¢e2llulose is convertad to glucose (haxosss); and
hemicellulose, under milder conditions tharn that for cellulese, Is
convertad to xvlicose (pentoses); while lignin remains as a by-product.

The hydrolvsis progesses that have been or are being, developed may be
classified according to the hvdrelyed ng zgent employed. Acid hydrolvsis
uses either a dilute mine “al acid at high temperatures or a concentratad
mineral acid at low temperatures and pressures. Enzvmatic hvdérelivsis

uses cellulosic enzvmes yrocuc=d by microcrganisms.

t

o
e
o]

of the traditional acid hydrolysis processes fovr pro”uc*”ﬂn of
mentable wood sugars were developed prior to and during World War II.
better known processes are the Scholler process, which uses dilute
ulfuric acid “o catalyze the hvdrolvsis, and the Madison process, which
a continucus percolation acid H"drolvs s develcped in the Unitad
ates to Improve the escconomics of the Scholler procass. A commercial
ant using the Madison proeess was bullt in  the mid-1940s in
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Springfield, Oregon; however, operating difficulties were = axperienced,
and the plant never cperated on a cemmercial basis. OQther commercial
dilute acid hydrolysis plants were built in Germany and Switzerland  in
the 1940s, although those plants became uneconemical to cperate. During
the 1950s, wood hydrolysis plants (some wusing eucalyptus - tress) ware
built in Russia, where more than 40 plants are still in opsration today,
and in Brazil, where eucalyptus trees ars being used as a feadstock.

Renewed interest in fuel alcchol production as a result of the snergy
cost escalation ~of the 1970s has led 'to sevearal research  and
develeopment  programs in  the Unitad States.  These programs = have
concentrated on develeping new tachnologies for making the csallulose-to-
ethanol processes economically attractive. . Much of the effort has besen
in the development of enzymatic hydrolysis procasses.

Enzymatic hydrolysis -of cellulose is a novel develapment in hvdrolysis
technology in which high - glucose 'yields of up .to @0 percent of
theoratical can be cbtained. This" .compéras ~to  yields ‘of 50 to
60 percent, for acid hydrolysis. = Several processes are currantly being
developed. No commercial installations have been built to date.  The
processes being developed can be divided into the following categories:

. Enzyme hydreolvsis and subseguent fermentation '

. Concurrent enzyme hydrolysis/fermentaticn, also r

farrad ta as
simultaneous saccharification and fermentation (8SF)

]
F
. Direct microbial processas

An example of each technology is given balow: -

In the Gecrgia Tech Process, a portion (10-20 percent) of washed
lignocellulese is conveyed tc an enzyme farmenter  to be  uszd as
feedstock for enzyme productien. When fermentaticn is completed,
the contents are centrifuged . to - remeove -'the 'solids; the enzyme
solutic iz stored in. a chilled tank:ancé is ready £9 be used for
enzymatic cellulose hydrolysis. The purified cellulose remaining in
this process is hydrolized te fermentable sugars by enzcymes. - Tha
sugars are subsequently fermentsd te ethanel.

The Emert  Process, also known as the simultanesdus saccharification
and fermentzticn (SS¥) oprocess, was  devaleped: by  Gulf 0il . and
Chemicals at its facility in Pittsburg, Kansas, in the 1870s. .In
1972, ths tschnology was donated to the Univeristy of . Arkansas by
the company. Hance, the. procass is -also “known. -as' the . Gulf
0il/University of Arkansas Process.  The $SSF process . is . continuous
in four trains for. a total of 12 fermenters. . A total residence time
e¢f 24 hours is redquired to complate the reaction.  The Georgila Tech
and Emert Procaesses employ the microorganism Trichoderma Reesei Zor
the production of enzymes. that:can hydrolyza cellulose.

An intaresting . Hybrid preocess,  which combines steam explosion- to
make the cellulose accessible, enzvmatic hydrolvsis with:T.  Rassei,
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and  subsequent  fermentation, has  bean deve ’oped by ZIotech
Corperation of Ctiawa Canada. Pilet plant trials have beer
conducted. It has been claimed <hat the process is n2aring

commercializaticn.

A thermophilic bacterium that could hydrolvze celluloss rasidly at
temperatures up to 60°C has been develcped at the University cf
Pennsylvania. This process is currently undsr develcpoment by

Biolegies Energy Corporation.

producing micrcorganisms that can efficiently hvd
raduce hydrolysis times, and produce heat stable enzvmeas.

There ares research programs aimad at developing the s
e



of the selection of a specific site, ENEI has provided an estimated cost
of 51.00 to $1.50 per 1,000 gallons. Residual fuel o0il (No. & or
Bunker C) 1is readily available from the local refineriess of Chevron and
Pacific Resources, Inc. at a 1983 cost of $29 ver barrel F.0.B. Hil
Harbor. Propane gas is available via pipeline in the cities of Hilo and
Kailua-Xona only. Outside of these areas, facilities may be served by
onsite storage tanks. While propane gas cost 1s dependant upon
utilization rate, an average cost for an industrial facility would ©Le
approximately $12/MM Btu delivered.

Bv-product Marketability

In Hilo town, the gas company, GASCO, salls propane to its residential
customers. There are no preparation facilities in town. The gas is
delivered from ©Cahu to Hilo for immediate distribution: therefore,
direct sale of methans to residential custcmers would require extensive
modification of the existing gas distribution system and would not be
feasible. Direct sale of the methane would be possible 1f an industrisl
user were available, The economic effact ¢f direct methane is evaluated
as a trade-off study.

The pentcocse sugars which are produced in the enzyme hydrelysis procass
have a potential value as animal feed. However, the by-product is in
direct competitien with 311,719 short tons per vear of cane mclasses,
available at $4¢4 per ton. Animal feed by-product sale (see tradeoff
would nct be viable in Hawaii. '

Furifural and lignin appear to have no local market in the state of
Hawaii. Further investigation would be regquired to determine an export
value.



SECTION &
CESIGN CRITZRIA aNDR BASIS QOF DESIGN
A basis of design was determined for the bass-case enzyma hydrclysis
process. In the selection of the base-case process design, the
following general guidelines were used to formulate the design criteria.
1. Maximize preduction of fuels.

2. Mazmimize the production cf ethanol while minimizing by-product
production.

3. Minimize raw matarial brought s site.

4. Use commercially available eguipment, where 3
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5. Assume tachnically undeveloped szguipmsnt can be scaled to
commercial size.

5. Select base-case eguipment, based cn geod en
which is conservative in actual <design
expected performance.

gineering practice,
but crtimistic in

7. Maximize process integration.

These c¢riteria were used to select the base case for engineeresd dasicn
and developmznt of a plant cost estimate, Trade-off studies wers
performed to evaluate the economic and technical =ffects of process
modificatiens, R&D adwvances, by-precduct  production, and - energy
integraticn on the base case plant costs.

The basis of design for the bass case is given in Table 4-1,



i
W
1
=

2BLE

]

BASIS QOF DESIGM

General

Plant Capacity: 15 MM gal/yr of denatured fuel-grade ethanol
Operating Time: 8000 hr/yr

Location: The island of Hawaii

Ambient Temperature: 80°F

Ambient Pressure: 14.7 psia

Feedstock: Eucalyptus glcbulus (blue gum)

Feedstock Composition:

Wt %
Extractives 1.3
Lignin 21.9
Celluose 51.3
Glucomannan 1.4
Glucuronoxylan 12.9
Other Peclysaccharides 3.9
Residual Constituents 0.3
100.0
Moisture Content: 50%
Chip Size: \ Nominal 3/4-in. gsize from
chipper

Feedstock and product
storage: . Wood: 14 days
Chemicals: 14 davs
thanol Product: 14 days



TABLE

Impregnation (100)

H,S0, concentration in chip
scak:

Liquid to dry wood in soak
tank:

Mositure contant
chips:

retained in
Temperature in soak tank:
Retention time:

Steam Explosion and Washing (200)

Pressure:

Retention time:

Steam required:

rurfural yield:

Pseudo=lignin vield:

Flash I prassurea:

Flash IT pressure:
Countarcurrent Water/Alkall Wash:

Percant hemicellulose
sugars solubilized:

Percent recovery of solub-
ilized hemicellulose sugars:

NaQH Requirement:

Lignin solubilized:

Parcent recoverv ol
solubilized lignin:

4-1 {(Lont)

o
B
o

© 109°F

43 hr

470 psig (saturated)

5 se¢ at pressurs ’
(approximately 40 sec total)

630 1lb/ton wet wood (st=am
recovery not includsd)

0.005 1b furfural/lb dry wood

0.023 1B pseude=-lignin/lb dry

wood (generatsd from pentose sugars)

60 psig into pressure cyclone
for heat recovery

5 psia

0.17 1b"NaoH/lb lignin
dissolved

73%



TABLE 4-1

Enzyme Producticn (300)

Enzyme productivity:
Enzyme titre:

Residence time:

Cellulose fzed concentration:

Organism:
Enzyme specific activity:

Supplemental media:

Hydrolvsis (500)
Residence time:

Glucose yield:

Enzyme dosage:

Cellulose fesd concentration:

Cellulose wt conversion %o
glucose:

Temperature:

pH

Recovery of filter paper
activity:

Recovery of C,; Cy enzyme:

Recovery of B-glucosidase
enzyme :

I

{(Cant)

g6 FPU/1l-hr
30 rPU/mi
13 days

150 g/1

Trichoderma - Rut - £-30

0.6 FPU/mg protein

15 g/1 corn steep liguor
(dry basis)

23 g/1 NH,OH (as nutrient and
pH reguation)
30°F

I

4.8

48 hr

84 wt % from steam exploded
callulose

.25 FPU/gm solids

7.0 %

1.1 1b glucose/lb cellusse
hvdrelyzed

122°F

2.8

Uy
¥
o9

50% (for matarial balance)

20%(for material balancs)



TABLE 4-1 (Cont)

Tvaporation Prior teo Fermentatien (500)

Type cf evaporator: S-stage multi-effect evaporatocr

Concentration of glucose
achieved: 15wt %

Faed temperatura: 180°F

Fermentation (&0D)

Reactor configuration: Coritinucus, immcbilized bed

Theoretical yield of ethanol

from glucose: 95%
Temperaturea: 85°F
Initial pH: 4.0

Ethanol Recovery (700)

A, Besar Still

Temperaturs Feed 150°F%

Temperature Bobttem 238°F

Tamperature Qverhead 132°F

Pressura Bottom 24 psia

Prassure Tcp 17 psia

Overhsad Composition Azeotrope

Bottom Cemgosition Ethanol 0.0001 wt %

B. Anhydrous Distillation

Entrainer : Cyclohexanes
Ethanol Product Purit $9.5 vol % ethanol

Anaerecbic Digestion (800)

Praduct Mathanse

Yield .

5.6 sef CHy/lb degradable organics;
80% reducticn of -COD

Compesition (by volume) 50% Methane, 40% Carben Diozids

46f5



TASLE 4-1 {Cont)

Lignin Boiler (200)

pH at which all lignin is

precipitated: 3.0

Percent solids leaving _

lignin centrifuge: 38%

Tyre of boiler: Fluidized bed
Supplemental Fuel: - . 1) Methans-rich gas

2) Wood chips



SECTION 5

PROCESS DESCRIPTION

5.1 PROCZSS PLANT
The process plant descriptions are given below by plant section number.
Process flow diagrams for each section are shown in Figures 5.1-1 %o

5.1-17.

Section 1000 - Fesedstock Handling'

Chipped wood 1is received : from the eucalvptus tree farm in 30-£t chip
vans. These vans are dumped into the wood chip unleoading pit (G-1004).
The nominal 3/4 in. chips are then removed from the pit via drag chains
(W=1001, W-1002), cleaned of metallics (G-1006), and ovarsize material
is removed in a feed scalper (G-1005). Fourteen days storage of chipped
wocd is previded in two stacked piles. The piles are stacked by a
double wing belt stacker conveyor (W-1003). The chips are recovered by
two traveling cantilever scraper reclaimers (W-100SA,B) and transferred
to surge bin (Q-1002) via belt cenveyors (W-1006, W-1008). Tramp metal
is removed frem the chips in a magnetic separator (G-1007).

The wood 1s then graded to remove rocks and sand. Triple deck chip
screens (G-1010a,3) are provided to separate the chips into three
fractions - wundersize, nominal size, and oversize. The nominal-sized
chips are conveyed to the main feed conveyor (W-1012) and the boiler
fuel transfer conveyor (W-1013) by a belt conveyor (W-1011). The
oversized chips are dropped into a flotatien stone trap (G-1008), hogged
in a grinder (G-1009), and mixed with the nominal chip fraction. The
undersize chips are passed over a finss recovery screen (G-1013) to
remove sand and grit. The clean fines are {ransferred to the beiler
fuel transfer conveyor (W-1013).

The main £feed conveyor (W-1012) transports the procsssed chips to the
pretreatment inclined conveyor fesder (W-101), Section 100. (hip weight
is totalized on the main feed convever (W-1012) by the belt conveyor
scale (G-1011). samples are taken for laboratory analysis to determine
the feed chip chemical breakdown.

Section 100 -~ Pratreatment

In the pretreatment section, thz wood chips are soaked with 0.2 wi
percent sulfuric acid for 48 hours. This pretreatment step is included
to enhance the desireable effects of the steam explosion trzatment at
lower steam explosion severities. The wood chips are fed via the main
feed belts (W-101, W103A,B) to six impregnation vessels (M-1013-F).
Each.vessel has capacity *to scak 3 hours of wood chip feed for
approximately 48 hours. A sulfuric acid selution is continually
circulated through the pretreatment vessels using the acid rscycle pumps
(P-101A-F). At the end of the soak cycle, the sulfuric acid soluticn is
cdrained to the next impregnation vessel for woecd chip filling. The
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chips are then surfacs-washed with recycle waters and screwed from the
impregnation vessels using standard screw bottom -assemblies . (W-104a-F)
which are fitted to the bottom of the vessels. Air cannons (V-105a=RX)
are supplied to ensure chip movement Irem the vessel,  The impragnatsd
chips are then transported to the steam sxpleosion, Section: 200; by
conveyor screws (W-1053-F) and a central belt conveyer (W-106).

The acid pretreatment section iIs an area where capital and operating
cost could be reduced either by alternate methods of acid scaking (i.e.,
open pits, presized soaking, acid washing, pressure sozk, etc) or by the
total elimination of the soak system. The reasons fer its inclusion' in
the base case are discussed in the trade-=off study (Section 8.8).

Section 200 -~ Steam Explogion/Wash

The acid-soaked wood chips are loaded inte the. steam explosion feed bins
(M=-203A-D) by a vibrating rotary feeder (W-201). The feed bins  provide
surge capacity for the intermittent loading of the steam explosion guns
(V-2032-D). The mechanism of . steam “explosion.  is to . disrupt the
cellulose microfibrils, detach the lignin, increase the surface area of
cellulose available . for - enzymatic  attack, and = increase . the
susceptibility of the cellulose to hydrolysis by altering the cellulose
crystalline structure. Four explosicn guns, —sach containing 30 cubic
feat, are required to process the wood feed. Each steam explosion- gun
is fired cnce every 22.5 seconds. A single stzam  explosion . gun -cycle
consists of loading the gun with wood chips; raising the ‘gun intsrnal
temperature and pressure to 464°F, 470 psig by high pressure (HP) stsam
injection; cocoking the chips for 5 seconds at temperature; and explesicn
of the chips into the MP flash vessel (M~201).  The -explosiecn consists
of forcing the softened . chips out of the steam explesion vessels by
rapidly reducing the systems pressure,  The energy of steam explosion is
raleasad as 60 psig st2am in the MP flash vessel where the flash steam
is racevered Zor processs use. The flash vessel is of sufficient size to
dampen the intermittent steam surges from all four gquns. The defibrated
exploded pulp is then cooled by vacuum flash in the vacuum flash vessel
(M-202). A portion of the beer still (A-701), Section 700, bottcms is
recycled to the vacuum f£lash to wash the solids fraction (pulp) from the
vessel.  The flashed vapors 'are " condensed in a knockback condenser
(T-201). A vacuum pump (R=201) is installed to remove noncondensiblas
from the flash vessel to maintain vacuum conditions.

The cooled pulp is now processed in the countar-current water/alkali
wash (V-201). The counter-current wash system consists of ~a - traveling
belt filter unit. This washer is limited to a 10 wt percant solid fead
so that liquid may be properly distributed along the length of the . wash
unit. To obtain this consistency, the'pulp in the vacuum flash vessel
(1-202) is diluted with recycle wash waters: from the .counter-currant
“wash. (V=201). The purpose of the counter-current wash unit is to remove
the soluble hemicellulose sugars and extract  the . lignins with - sodium
hydroxide. In the first wash stages, the pulp is washed withibesr still
(A-701), Section 700, bottoms product, This is: folleowed by a'claan'wash
with process makeup water. The water wash is essential to remove: the
water soluble degradation products (phenolics, ' wocd: derivatives, —etc)
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that are inhibitors of veast fermentatien and the production and
activity of the enzyme complex.

The pulp then continues on the wash (V-201) belt where a caustic
solution is used to solubilize and extract the 1lignin from the
cellulose/lignin complex. It 1is also possible to extract and recover
lignin after hydrolysis. This option was not used in the base case for
the following reasons:

1. Higher solids flow c¢n conveving eguirment wguld increase
handling costs

2. Increased solids in the enyzme fermenters and hydrolysis
fermenters could create mixzing problems

3. Enzyme recovery vield could he lowered because of enyzme
adsorption on lignin.

4, The hydrolysis rate and overall glucose yield is decreased
because the lignin associated with the cellulese 1is still
expected to shield or block a small porticn of the cellulose
from enzyme attack.

5. Lignin recovered by extraction is a more desirable reactive
lignin than lignin recovered after hydrolysis.

The - amount of caustic required to solubilize the lignin is 0.17 1b
sodium hydroxide (NaOH) per lb lignin dissolved. It was assumed that
75 percent of the 1lignin would be solubilized at this caustic rate.
Confirmed data is reguired to verify these assumptions.

The solubilized lignin stream is pumped to the boiler island where 1t is
treated with sulfuric acid to precipitate the lignin. The lignin is
then concentrated as boiler feed in the lignin centrifuge (G-904). The
unsolubilized lignin which leaves the caustic wash (V-201) passes
through the enzyme fermentation and hydrolysis secticns and is
ultimately recoverad in the hydrolysis centrifuge (G-404), Secticn 400.
The recovered lignin is then added to the lignin precipitates to be
burned as beiler fuel.

Section 300 - Enzyme Productieon

The total hydrolysis makeup enzyme rsquirement is provided in the enzyme
production section. The system design emplovs a fed batch enzyme
fermentation, modeled after experimental data develeopad at the
University of California, Berkelay., The organism used is Trichoderma
Rut-C-30. A 13-day residence time is required to achieve a final titre
of 30 Filter ©Paper Units/ml (FPU/ml). Fermenters are batch-fed to
achieve a total cellulose  concentratisn  equivalent to &
15 wt % (150 g/l) celluleose bhatch cperation.

The enzyme production section consists of two trains of three batch-fed
fermenters. Each farmenter train has a total of 13 days residence time,
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with each individual fermenter maintaining 104 hours of residence. The
initial charge is conveyed (W-401 Section 400, W-302) into the first
fermanter (M-301A,B), where it is diluted with sterile water, adjustzd
for pH, fed nutrient, and iroculated with organism. Inoculation rate is
assumed at 1 percent of the initial charge. Reduced fermentation times
have bean reported at higher inoculation rates. Additional research,
including recycling.  of organism, could reduce cost in this area. .This
is presented in trade-off study 8.5. The fermenter vessels are - 13-ft-
dia by 60-ft-high, cone bottem, vertically stirred wvessels with
supplemental air sparging. The sterile air 1is supplied by . air
comprassors (R-301A,B), which are driven by backpressure steam turbines.
The mixing and air sparge rates were optimized wusing standard general
mass transfer technigues.. For economic reasons the rates calculated for
commercial-type cperation are not as high as rates used 1in bench-scale
tasting. Yield data and mass transfer behavior must be demonstrated. on
a pilot-size fermenter vessel so that Cfermenter vessel and mixing
requirements can be adequately determined for a commercial-size
facility. The reaction heat is removed from the  fermenter vessels by
extarnal circulation heat exchangers (T-301a,B) cooled with chilled
watar.  After 104 hours of residence time in the first fermenter = vessel
(M~3013,38), the partially fermented bLroth . is pumped to the second
fermenter (M-302A,B). Hera +the Ffermentation is continued for an
additional 104 hours in a batch-fed fermentation vessel. The remaining
cellulose requirement ‘is added during the secand - 104 hours  of
foarmentation. The broth is then pumped to the final enzyme fermenters
(M-20323,B), where the remaining 10 percent of enzyme producticn is
performed. = The final fermentation continues in a batch mode; here no
provision is made for intermittent feeding of cellulose or ccoling -of
the fermentation broth. The third fermenter centains sufficient enzyme
to supply 6.5 batch additions to the hydrolysis reactors (L-401%,8 to
L-406a,B) Section 400. The first batch addition is drawn from the
fermenter - (M-304) after 32 hours of  fermentation ' with subsequent
inoculations drawn every 8 hours thereafter. This methed of incculatiecn
eliminates the need for an intermediate enzyme storage ~ tank and  the
reduction  of  enzyme activity which would occur during storage. t can
raadily be sesn that the total fermentation broth does not attain' the
full 312 hours of - fermentation; however, the small change in enzyme
titre ovar the last 52 hours c¢f fermentation can  justify  this
inoculation method.

Corn steep liguor (30 g/l at 54-percent solids) is added to supplsment
the media nutrients, In additisn to the. corn steep liguor, a
supplemental nitrogen source and pH ragulator, ammenia, is added in the
amount of 23 g/l. This amount was based on the quantity reguired to
maintain nitrogsn balance for enzyme production and czll synthesis,

Section 400 - Hydrolysis

Fermentable sugars are Sformed by enzymatic attack of the cellulose
complex in the hydrolysis section.. As with any biological process, the
sugar vyield is dependent on substrate concentraticn, reaction time, and
also any inkibitory component present. Data wers cbtained from . various
sources which indicated that glucose released during hydrolysis-inhibits
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the enyzme complex. A buildup of the intermediate product, cellobiose
and other reducing sugars, occurs without a complete conversicn to
glucose. To obtain high yields (90 percent or higher), residence time
of about 48 hours and final glucose concentrations of 5 percent or less
are required. These vields can be obtained in laboratory-scale units;y
however, in commercial scale plants with enzyme recovery, these vields
may not be possible. '

The " primary data were extracted from a Master's thesis by Stephen
T. Orichowskyj (University of California, Berkeley). These data were
generated from steam exploded corn stover. This infermation was used in
the base case since information on steam-exploded eucalyptus 1is not
readily available. The glucose concentration in hydrolysis was chosen
as 7 wt percent. At this. concentration, yields of B84 percent of
cellulose conversion in 48 hours are anticipated. The temperature and
pH of hydrolysis are specified as 122°F and 4.8, respectively.

Enzyme recovery is included as part of the base-case design. The "first
two enzvmes, cellobiohydrolase and endoglucanase (C;Cy), in the overall
enzyme complex have a high affinity for the insoluble celiulose
substrate and are easily recovered by adsorption onto fresh substrate.
The third major enzyme, -cellcbiose (beta-glucosidase) acts upon the
soluble cellobiose dimer and is, therefore, not readily adsorked onto
fresh cellulose substrate. It is reported that beta-glucosidase enzyme
is associated with the cell wall of the mycelia; therefore, if the cells
are acdded with the enzvme broth to hydrolysis, the beta-glucosidase is
in sufficient supply. The base case assumes a . 50 percent recovery of
enzyme filter paper activity.

The hydrolysis section was dessigned to reduce the possibility of
contamination when recovering enzyme. This was  accomplished . by
restricting enzyme recycle to the hydrolysis reactor from which it was
recoverad. The hydrolysis section consists of 12 hydrolysis reactors
(L-401A,B to L-406A,B). In addition to the hydrolysis reactors, there
are two enzyme recovery vessels (M-401A,8). The hydrclysis reactors and
enzyme recovery tanks are standard pulp and paper high density stock

tanks ' with bottom mixing.  Agitation requirements are based on
requirements £for moving a thick pulp and paper stock. These reactors
are cycled in pairs on a 48-hour turnaround. A complete hydrolysis

cycle can be described by considering one pair of hydrolysis reactors
(L-4017,B) in sequence with the enzyme recovery tanks (M-4013,B). The
washed cellulose feed is conveyed to the enzyme recovery tanks
(M-4013,B) via the hydrolysis feed convevor (W-4023). During this time
period, the  hydrolysis reactors (L-401A,B) are drained. about
30 percent of the hydrolysate 1is sent to the hydrolysis centrifuge
(G-404) where vunconverted cellulose and residual solids are removed.
The solids are conveyed via water wash feed conveyor (W-403) to the
counter-current water wash (V-401). The washed solids are sent to the
boiler while the wash liquids are forwarded to the evaporator. The
filtrate from the hydrolysis centrifuge (G-404) is recycled to the
enzyme recovery tanks (M-4013,B). The remaining 70 percent = of
hydrolysate from the hydrolysis reactors (L-4013,B) ig sent directly to
the enzyme recovery tanks (M-4013,B) for enzyme adsorption. The empty
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hydrolysis - reactors are cleaned and then fed with fresh fead cellulosa.
About S0 percent of the feed cellulose is sent to. the enzyme . recovery
tanks (M-401a,B) -and 50 percent to the hydrolvsis reactors (L-4014,38).
While the hydrolysis reactors are filling, makeup evaporator  watar and
fresh. enzymes are added. The enzyme recovery tanks (M~4013,3) are then
drained for an 8-hour cycle to provide constant feed to the evaporators
(500 section). The cellulose feed which was conveyed to the enzyme
recevery tanks (M-4013,3) is separated Ffrom. the hydrolysate in. the
hydrolysis recycle centrifuges (G-403A;B) and returned to the hydrolysis
reactors (L-401A,B). The enzyme recovery tanks (M-401A,3). .are then
prepared for the next cvcle.

The ‘enzyme hydrolysis is based entirely on  laboratory-scale data.
Testing and demonstration is required to design ‘a commercial-size
facility. Specific areas where addiiional research is necessary are
enzyme recovery data, hydrolysis vield and rata data, identification of
inhibitors, and sterility requirements of hydrelysis. This research
data should be obtained under experimental conditions which —simulate
commercial scals operating conditions so that scals-up effacts can be
minimized.

Section 500 - Evaporation

The hydrolysate  stream leaving the 400 section centains 5.7 wt percent
fermentable sugars. An evaporation step is included  to  increase - the
glucose concentraticn. to 14.7 wt percent.  The primary purpose of the
evaporation step is to provide a fermentation feedstock which is readily
adaptable to current commercial fermentation and -alcohol racovery
technologies.. The evaporation system also provides a  clean condensate
for inplant water recycle. Elimination of the evaporation system could
reduce capital costs and enhance the plant steam balance. Pilot plant
testing of low concantration sugar  fermentations, lew alechol
concentration distillation methods, and the effects of Vdirty" watsr
recycle on plant operability, are required before the svaporation stap
can be ramoved.

The evaporation system consists of a standard five-stage, multi-effact
evaporator. The glucose stream enters-the first aviporation stage where
it is wvaporized against boiler low pressure (LP). steam. The generatad
vapor in each successively lower pressure evaporaticn stage is  used . to
vaporize additional water from the glucese stream. The vapors from the
final stage of evaporaticn are condensed in’. the —evaporater  surface
condenser (T=53013,B). The - concentrated:  glucose - leaves - the  lowas+s
pressure stage at 14.7 wt percent glucose concsntration.

Section 600 - Fermentation

The fermentable sugars ars converted to -ethanel in a  continuous
fermentation system. The base-~case design uses  a ‘process  which 'is
similar to a process promoted by - Kyowa Hakko XKogyo Co.., Lid. - This
process is based on veast immobilized in resin beads which ars packed in
large stainless steel fermenters (L-601A~C, L-5023-C).  The process flow
diagram (Figure 5.1-5) is a representation cf this fermentation process.
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Tvpical conversiecns obtained in this type of system approximate the
theoretical maximum. Test results indicate that abcut 95 percent of
theoretical conversion is possible when operating at 86°F to 90°F. For
mass balance purposes, all of the sugars are assumed to ferment at the
same rate, with 2 percent of the sugar used for yeast preduction and
3 percent for by-procduct formation. It 1is anticipated that 4-month
operating runs are obtainable before system sterilization is required.
A clean-in-place system is incorpeorated in the plant design to preovide
the intermittent sterilization requirements.

The clean, concentrated hydrolysate is fed to the fermenters through the
fermenter feed c¢oocler and chiller (T-501, T-604), where the hydrolysate
is cooled to 85°F. Three +trains of two-stage fermenters are
incorporated. A small quantity of oxygen is added by an air sparge
compressor (R-601) to maintain yeast productivity. The fermenters are
maintained below 90°F by internal fermenter coolers. The plant cooling
water supply temperature is too hich to provide adeguate cooling of the
fermenters: therefore, a package chilled water system is provided.
Equipment for replacement and recovery of immobilized veast beads is
included as part of the fermentation system. Approximately &0 percent
of the carbon dioxide can be recovered as saleable bv-product. Recovery
equipment is not included in the base case design.

Section 700 - Distillation

The beer still system is designed to produce 180-proof sthanol product.
The column feed (clarified fermenter effluent) is pumped frem the
fermenters tc the beer still feed tank (M~705). Recycles from the fusel
oil decanter (M-703), vent system and CO, scrubbers (A-1202, A-1201)
Section 1200, and degasser drum vent condenser (T-727) . are also
callected in this tank. The tank is designed for a  15-minute holdup.
Its effluent is pumped by the beer still feed pump (F-71%6) to the beer
still feed prehesater (T-701), where the beer still £feed is hesatad to
150°F. The heat source for this exchanger is a pertion of the beer
still overhead vapor. After preheating, the feed enters the degasser
drum (M-706) where dissolved carbon dioxide is released. This wvapor is
cooled in the degasser drum vent condenser and sent to the vent recovery
system. The degasser drum 1is elevated above the beer still feed
location. The liguid feed passes from the drum to the beer still by
gravity flow.

The beer still 1is an atmospheric column in which' conventional
distillation is used to preduce an azeotropic ethanol/water product.
Two types of trays are emploved in this column. The soluble solids
present in the feed tend to form deposits on the underside of the trays
below the feed peint. Ripple trays have been specified because their
self-cleaning features virtually eliminate these deposits. Since
fouling is not anticipated abeve the feed locatien, valve trays have
peen specified for this secticn.

Steam from the dirty LP steam headsr is used to reboil the colunn by

direct steam injection. Direct injection of steam will reduce ‘the
plating and corrosion preblems asscociated with a beer still reboiler.
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Additional reboiler steam requirements are provided by boiler LP  stz2am
in the beer still reboilsr (T-~708).

Above  the main feed  tray there ars four fusel oil sidedraw nozzles.
fusel oils accumulate in the ¢olumn and are removed from the dolumn. side
draws.

There 'is a pasteurizing section of five trays at the top of the beer
still. A 95 volume percent ethanol product is removed ~as a = sidedraw
from ‘the tray belew this section and sent. to the anhydrous system via
anhydrous column feed pump (P-T707A&B).

The beer still’ overhead vapor is used to preheat the feed in the besr
still preheater, The condensed vapers are ssnt to the beer still reflux
drum (M-701). Noncondensables are wvented ' to. the  bear -still vent
condenser (T-726).

The beer still trim condenser (T-702) is mountad directly above the bzer
still reflux drum. -Thus, the vapors rising from the drum are condénsed
and returned to- the drum. The small condensate stream produced has a
high ethanol content and is sant to fusel oil storage ‘tank (M=713).

The fusel oil sidedraw streams are combined with evaperator condansate
before entering the fusel oil «cooler (T-712). Here, the  stream is
cooled to 1Q0°F. This sequence allows the ethanol in the sidedraw to be
absorbed by the water. 0On cooling, two immiscible ~liquid - phases  are
formed. These are introduced into the fusel oil:decanter (M-703) wherae
the water/ethanol mixture forms a lower layer -and the fusel oil product
is - the upper layer. The: fusel oil produzct flows into the fusel cil
storage tank (M-713). The water/ethanol product is returned te the beer
still feed tank. The fusel o0il decanter is elevated to-allow for
gravity flow of both product streams.

The ' anhydrous - system -consists of two distillation columns. -~ Tha £fzaad
enters the anhydrous c¢elumn (A-702).. Inh this column,. cyclohexane is
used: - as an entrainer to separate ' the . near -azeectropie .ethanol
(95 percent, 5 percent water),  produced .in' the beer still  {(&-701).
Entrainer in a mixture with ethanol and water is constantly returnad to
the column via the anhydrous column reeycls: pump  (P-~713) . frcm . the
anhydrous column . recvcle drum  (M=-707). Tha . botiem . predust  is
99.98 percent ethanol. This product is cecoled te i00°F against cooling
water in the product cooler (T-704) hefore being sent to storage.  The
column vapor is generated-in a thermosyphon reboeiler ' (T-719) . using 'LP
process steam as the heating medium.

The overhead from the anhydrous column.is condensed by ceoling water. in
the anhvdrous ¢olumn overhead condenser (T-715), then. returnsd to.. the
anhydrous column reflux drum (M-703) for reflux. A small liguid purge
stream is withdrawn from this. drum.  This. bpurge. is cooled ' in’ the
anhydrous. purge cooler - (T-713) . and  cdmbined with the purge from the
recovery column (A-703) before entzring the wash  solvent purification
system,



The overhead product from the anhydrous column is a three-componsnt
azeotrope. It is withdrawn from a liquid drawoff tray, just below the
pasteurization section of the column. This bubble-point liquid is
cooled to 100°F in the decanter fsed cooler (T-711) before entering the
anhydrous system decanter (M-702). The upper, ethanol/cvclohexane-rich
phase, is combined with the cyclohexane-rich product drawoff from the
recovery column (A-703). The combired stream flows to anhydrous column
recycle drum (M-707). The water-rich lower phase serves as feed to
recovery column (A-703).

The reccvery column (A-703) separates the remaining ethanol and
cyclonexane from the water. Column vapors are generated by LP steam in
the recoverv column reboiler (T-709).

The overhead from this column is condensed in the recovery celumn
condenser (T-703) and flows to recovery column reflux drum (M-709) .
Reflux pump (P-703A&B) withdraws the condensed coverhead from the reflux
drum and returns it to the recevery column. A small purge stream is
taken from the reflux and combined with the anhydrous column reflux
purge which is cooled in the anhydrous column purge cooler (T-713). The
combined streams flow into the solvent purification system.

The recovery column overhead product is withdrawn {rom a plate below the

pasteurization  section. It is then combined with the
ethancl/cvclohexane-rich  phase from the anhydrous system decanter
(M-702) and stored in the anhydrous recycle drum (M-707). The teotal

flow is eventually returned to the anhydrous column (&-702).

The anhydrous column recycle drum (M-707) serves as a collecting tank
for process streams rich in cyclohexane. These streams include the
decanter top phase, recovered solvent, the liguid sicdedraw from the
recovery column (A-703), and control streams from the reflux of each
colunmn.

Section 800 - Araercbic Digestion

The anaercbic digestion system consists of a Barcardi Corporaticn
anaercbic filter (L-801) and its associatad equipment. The digester is
a 3.5-million-gallon anaerobic £ilter packed with corrugated plastic
media which supports a f£ilm of active microorganisms. The organic
components from the <ieed stream are biologically converted to a 30 to
60 percent methane gas stream which is burrned as boiler fuel. The COD
(Chemical Oxvgen Demand) reductiocn is about 20 percent. The wastewater
from the plant first enters the digester hold tank (M-301). The hold
tank is included for feed surge control. The wastewater is then cooled
in the digester feed cooler (T-801) prior to entry into the anaercbic
digester (L-801). The liguid overflow from the digester is sent to the
wastewater treating system for final treating. The methane rich gas is
compressed in the methane gas compressor (R-801) for use as boiler Zuel.
A gas storage sphere (M-803) is inciuded for inplant storage capacity.
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Stream Mumber
Stream Name

Component

Watenr

Caellulose
Glucose

Dther Hexosg
Pentose -

Lignin

Ethanoct

Degradad Pentocse
Furfural
Solubles
Insolubles
Sulfuric Acid
Sodium Hydroxide
Sodtum Sulfate
Enzyma . -
Mycelia -
MHutrisnts
Ammonium Hydroxido
Carbon Dioxide
Air

Total

Temperature, 'F

TABLE 5.1-1

MATERIAL BALANCE COMPONENTS

(Ssection 100 - Pretreatment)

102
Makeup Sulfuric Acid

1b/hr

156

85

163 104
Feaed to Steam Explosion Bins Recycle H:5Q./H.Q
1b/hr 1b/hr
81,9326 144,680
27,9389 -
763 -
10,838 -
11,927 -
Bl ! -
2,124 -
156 275
136,544 144,955
117 117
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Stream Nunbor

Stream Namg

Camponent

Water

Caltulose
Glucose

Oiher llexose
Pantose

Lignin

Ethanot

Degraded Pentosa
Furfural
Solubles
Insolubles
Sulfuric Acld
Sodilum tlydraoxide
Sodtum Sulfate
Enzyme -

Mycelia
Hutrfants -
Ammon tum liydrox ida
Carbon Dioxida
Alr

Total

Temperature, " F

20¢%

MP Flash Vapor

TABLE 5.t-1 (Cont}

(Sectlon 200 - Steam Expiosion/Wash)

202
Vacuum

203
Vacuum Flash

204
i0% Solids

208

Process Water to

207

Fead to Anaerobic

ta Baer Still Flash _Feed Condensed Vapor Waterwasih Fead Water/NaOH Wash Digestion
b/t 1b/hr ib/hre 1b/hr 1b/hr 1b/hr
25,678 102,804 18,449 554,728 7.501 161,860
- 27,839 - 30,778 - 207
- ~ - 104 - - 486
= 163 - 995 - 1,248
=~ 9,309 = 10,785 - 8,889
- 14,927 - 13,162 - 1,242
- 1,256 - 1,395 - 65
= 273 - 302 - . 238
- 871 = 1,004 - 838
- 2,124 - 2,359 - 107
- 156 - 148 - -
- e - az - a85
- - - 158 - 737
- - - 16 - T4
- - - - - 8
15,678 157,419 18,449 616,016 7.50% 176,434
ace 308 162 162 ao 129
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TABLE 5.1-1 (Cont)

(Section 200 - Sieam Explosion/Wash)

Stream Nunber 209 210 211 212 213 214 215
Atkal i /10 Lignin Feed Cellulose to Hydrolysis Steam Explodad Alkalf/Water Vacuum Flash Stm to Stm
Stream Nama Feed to Wash to Boflar and Enzyme Production Wood to Flash Wash Recycle Vessel Vent Explosion
1b/hr 1b/hr Ib/hr 1b/hr 1b/hr 1b/hr 1b/hr
Component
Watar 120,941 120,949 116,063 128,479 419,858 - 46,553
Celluylose - - 27,939 27,939 2,789 - -
Glucose - - - ~ it - -
Other Hexose - 35 209 763 93 - -
Pentose - 430 2,549 9,309 990 ~ -
Lignin - 6,957 3,956 11,827 1,197 - -
Ethanot - - - - - - -
Dagraded Pantose - ~ 1,256 1,256 127 - -
Furfural - a5 G 273 28 - -
Solubles - 1119 20 871 92 Inerts -
Insciubles - - 2,123 2,124 215 - -
Sulfuric Acid - - - 156 19 - -
Sodium Hydroxide 1,443 1,210 213 ~ - - -
Sodium Sulfate - 28 G - g - -
Enzyme - - - - 17 - -
Mycel ia - - - - - - -
Nutrients - ~ ~- - ~ - -
Anmmonium Hydroxlde - - - - - - -
Carbon Bloxide - - - - - - -
Alr - - - - - - -
Total 122,384 i29,75% 184,340 183,087 425,455 46,553
Temperature, "F a0 101 a4 os 129 162 464
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i

tream Number

|

Stream Namne

Cellulose
Glucose .
Other Haxose
Pantosea

Lignin

Ethanol

Degraded Pentose
Furfurat
Solubies
Insolubles
Sulfuric Acid
Sodium Hydroxide
Sodium Sulfate
Enzyme

Mycalia
Hutrtarnts
Ammantug Hydrox dde
Carbon NDiaxide
Alr

Total

Temperature, "F

216
Caustic
Dilution Water

1b/hw

119,498

118,498

80

TABLE 5.1-t (Cont)

(Section 200 - Steam Explosion/Wash}y
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TABLE 5.1-1 {Cont}

{Section 300 - Enzyme Production)

Stream Number 304 305 306 307 aos 309 310

' Sterlle Total Nutrients Atr for Enzyme Production HP Steam LP Steam
Stream Name Watar Added Vent Sparalng _Product Stream {615 psia) (65 psia})

1b/hr 1b/hr b/ hre 1b/hr ~ 1b/hr 1h/hr 1b/hr

Component
Water 3.947 1,067 - - t4,269 at,909 91,909
Cellulose - -~ - - 208 - ~
Glucose - - - - ~ - -
Other Hexosse - - - - 17 - -
Pentose - - - - 203 - o~
Lignin - - - - 315 - -
Ethanct - - - P - - - -
Deygraded Pentose - ~ - - 100 - -
Furfural - - - - - - -
Solubles - - Inerts - 2 - -
Insolubles - - - - 169 - el
Sulfuric Acid - - - - - - -
Sodium Hydroxide - - - - - - -
S5odium Sulfate - - - - 31 - -
Enzyme - - - - 742 - -
Mycalla - - - - 223 - -
Nutrients - 223 - - 74 - -
Ammonium Hydroxide - ' 341 - - 104 - -
Carbon Dioxide - - 1,440 - - - -
Al - - - 111,708 - - -

Fusel DOits - - - - - - -
Other Votattiles - - ~ - - - -

Gasoline - - - - - = -
Ash = - - - - - - -
Tatatl 3,947 1,631 1,440 141,708 16,457 a1,909 91,809
Temperature, 'F 8Q az ’ az 120 8z 750 -
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TABLE S.1-1 {Cont)

(Section 400 - liydrolysis)

Stream Number 401 402 403 404
Stream Name Pretreated Celluiose Feed Pratreated Cellulose Faead Reactor Product to Racyle from
. to {lydroltysis Resactor to Enzyma Recovery Tanks Enzyme Recovery Tanks Hydrolysis Centrifuge
1b/hr 1b/hr tb/hr 1b/hr
Companent '
Watar 63,408 53,408 311,706 138, 166
Cellulosa 12,854 12,856 7.948 -
Glucosea - - 21,840 8,793
Dther llexosa 96 a6 i1 49
Pentose 1,173 t, 173 1,348 897
tignin 1,820 1,820 7,581 -
Ethanot - - - -
Degraded Pentose 578 578 2,407 -
Furfural 3 3 G 3
Solubles 9 g 10 5
Insolublea 97F 977 4,071% -
Sulfuric Acid - - - -
Sodium llydrox ide 28 88 - -
Sodlum Sulfate 3 3 204 80
Enzymse - = 746 627
Mycatia - - 405 -
Nutr lants - - Tt az
Ammon lum Hydroxide - - 99 44
Carbon Dloxida - - - -
Alr - - - -
Total T1,02¢ TH,02% 358,582 149, 406
Temperature, " F 94 94 122 122
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Stream Number

Stream Name

Component

Water

Celluloss
Glucose

Other Hexocse
Pentcse

Lignin

Ethanal

Degraded Pentosa
Furfural
Soiubles
Insclublas
Sulfuric Acid
Sodium Hydroxide
Sodium Sulfata
Enzyme

Mycelia
Mutrients
Ammoniun Hydroxide
Carbon Dloxide
Alr

Totatl

Temperature, "F

405

feed to Hydrolysis
Recycle Centrifuge

TABLE 5.1-1. {Cont}

(Section 400 - Hydrolysis)

406

S5olids Recyla
to Hydrolysis

407

Hydrolysis Product
to Evaporator

408
Reactor Product to
Enzyme Recovery Tank

and Centrifuge

h/hr tb/hr 1o/ hr 1b/hr
503,407 144,040 395,773 474,398
20,804 20,804 207 12,098
31,633 3,054 24, 101 33,246
256 55 209 1G8
3,148 675 2,539 2,051
9,401 9,401 198 11,536
2,585 2,885 G3 3,663
12 [ G - 9
24 L] 20 16
5,048 5,048 {06 6,195
472 102 383 310
1,373 742 T37 1,484
405 405 12 628
1G3 4 T4 108

143 48 103 151
579,184 193,404 424,531 546,058
120 120 115 122
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Stream Nunmber
Stream Mama

Comgoﬁebt

Waler -
Callulosa
Glucosa’

Other Haxosg
Pantosa’

Lignin :

Elhanot.
Degraded Pentose
Furfural
Solublas
Insclubles
SulfFuric Acld
Sod lum Hydroxide
Sadium Sulfats
Enzyma

Mycel la
Hutrients

Ammonium Hydroxide

Carbon. Dloxide
Alr

Total

Temperature, " F

TABLE 5.1-1 (Cont)

{Sectian 400 - Hydrolysis)

409 410 411 412
tiydrotysis {lot Evaporator Feed Hydrolysis Centrifugs Process Water
Centrifuge Fead From Hydrolysis Solid to Water Wash to Wash

1b/hr 1/ hr 1b/he 1b/hr
162,662 395,773 24,495 36,714

4,147 207 4,147 -

1,406 24, 101 1,613 -

58 209 g9 -

703 2,539 106 -

3,956 198 3,856 -

1,256 63 t.256 -

3 & - -

& 20 i -

2, 124 106 2,124 -

106 383 16 -

738 137 tid -

223 12 223 -

a7 74 & -

52 103 a -
187,477 424,531 38,07t 36,714
122 180 122 80
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TABLE 5.1~ {Cont)

(Section 400 - Hydrolysis})

Stream Number 413 414 415 A16
Hydrolysis
Stream Nama Solids to Water Wash Product Recycle Centrifuge pH Adjustment
Boiler to Evaporation EfFfluent to Evaporation of Recovery Tank
1b/hr 1b/hr 1b/hr 1b/hr
Component : :
HWater 24,803 36,406 359,367 53
Cellulose 3,840 207 - -
Glucose 91 1,522 22,579 -
Other Hexosas { . a8 201 -
Pentose 10 96 2,443 - -
Lignin 3,758 1987 - -
Ethanotl - - - -
Degraded Pentose 1,183 63 - -
Furfural - , - 6 -
Soclubles - 1 19 -
Insolublas 2,018 106 - . -

Sulfuric Acid - - - 123
Sodium Hydroxide - - - - .

Sodium Sulfate 2 14 369 -
Enzyme [ 105 632 -
Mycelila 211 t2 - -
NHutrilents 1 5 69 ~
Ammonium Hydroxide 1 7 96 -
Carbon Dioxide ’ - - - -
Atp : - - - -
Total 36,035 38,750 85,781 i76
Temperature, "F 101 10f 120 80

9 of 24



Stream Nunber

Stream Name

Componant

Water

Callulosa
Glucose

Other lilexosa
Pentosa

Lignin

Ethanat

Degradad Pantose
Furfural
Solubles
Insclubles
Sulfurilc Acid
Sodium Hydroxide
Sodium Sulfate
Enzymea

Mycealtia
Hutrients

Ammonium Hydroxide

Carbay Dioxide
Alr

Total

Tamperatura, " F

TABLE 5.1-1 (Cont)

{Section 400 - llydrolysis})

417 418 419 420
Praetreated Celluloss
pH Adjustment Water to Makeup Watar Feed to
to liydrolysis liydrolysis to Hydrolysis Enzyme Production
1b/hr 1b/hr 1b/hr 1b/he
- 265,000 33,522 9,248
- - - 2,226
- - - 17
- = - 203
- - - 315
- - - 100
- - - : 2
= - - 169
123 - - -
- - - 1T
123 269,000 33,522 12,297
80 13 80 g4
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TABLE S5.%-1 (Cont)

(Section 400 - Hydrolysis}

Stream Nunber 421
Acid Dilution
Stream Name Water

1b/hr

Component

Watar 53
Cellulose -
Glucose -
Other Hexocse -
Pentose -
Lignirm -
Ethanol -
Degraded Pentose -
Furfural -
Sotubles -
Insolubieas -
Sulfuric Acid ~
Sulfuric Hydroxide -
Sodlum Sulfate -
Enzyme -
Mycella -
Nutrients -
Ammonium Hydroxide -
Carbeon Dioxida -
Alr -
Fusel 0ils -
Gther Volatliles -

Gasol ine =
Ash -
Total 53
Temperature, 'F 80
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tream Nunber

Stream Name

Component

Water

Callulose
Glucose

Other Hexose
Pentose

Lignhin

Ethanol

bDegraded Pentoseo
Furfurajl
Solubles
Insolubleas
Sulfurtc Acid
Sodjum lHydroxide
Sodium Suifate
Enzyme

Mycalia
Hutrients
Ammonium Hydroxlde
Carbon Diloxids
Alr

Fuset Dils

Other: Volatiles
Gasolina

Ashi

Tolal

Temperature, ' F

5014
Evaporator Condensate
to Chip Soak

TABLE S.t-t (Cant)
(Sectlion 500 - Evaparation)
502 . 503

Evaporator Condensate Evaporator Product
io liydrolyslis to Fermentation

504

LP. Steam
{65 psia)

505

Condensate

27,464

27,464

220

231,531 136,778
- 207
- 24,309
- conbined as glucose
- 2,539
- 198
- i 63
~ 6
- . 20
= 106

- 383
- 137

- T4
- 103

23¢,53¢ 169,523

166 1710
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TABLE 5.1-t (Cont)

(Section 600 - Fermentation)

Stream NMumber 601 602 603 604
Cooled

Stream Nams Fermenter Feed Fermenter Feed C€0: from Fermenter Fermenter Broth to Beer Stitl

1b/hr 1b/hr 1b/hr tb/hr
Component
Water 136,778 ' 136,778 185 136,593
Celluiose 207 207 - 207
Glucose 24,309 24,309 - 486
Gther Hexosea - - - 723
Pentose 2,539 2,539 - 2,539
Lignir 198 198 - 198 o
Ethanol - - 46 11,758
Degraded Pentosa 63 63 - 69
Furfural G 5] - ’ &
Solubles 20 20 - pe]
Insolubles” 106 106 - 106

Sulfuric Acid - - - -
Sodium Hydroxide - - - -

Sodtum Sulfate 383 Ja3 = 3a3
Enzyme 737 737 - 737
Mycella - - - -
Nutrients 74 T4 - 74
Ammontum Hydroxide 103 103 - 103
Carbon Dioxide ~ - 11,120 170
Alr - - - -
Fusel Oi1s - - - a5
Dther Volatites -~ - - 16
Gasoline ' - - - -
Ash - - - -
Total 165,523 165,523 11,351 154,225
Temperature, "F 105 85 85 85
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Stream_ Nunbar

Stream Name

Companent

HWater

Cetllulose
Glucosa

Gthar Hexose
Pentosa

Lignin

Ethanot}

Degradad. Pentose
Furfural
Solublas
Insolublas
Sulfuric Acid
Sadium Hydroxidae
Sodium Sulfata
Enzyie

Mycel la
Hutrients

Ammon lum Hydrox {ida
Carbon Dioxide
Alr

Fusel Olls

Gther Volatlles
Gasalina

Ash

Total

Temparature, 'F

701
Beer Still

Bottomg

1b/hr

187,572

173,225

239

TABLE 5. t-1 (Cont)

{Seclion 700 - Distillation)

702
Beer StilY

Bottoms to Vacuum Flash

703

Ethanol
Product

Waste Water

ib/hr

ib/hr

1b/hr

705

Beer Sti11
Recycle to Wash

1b/hr

id

14
20

33, {40

80

14 of 24

96

11,775

11,871

100

135,513
167

393
590
2,053
160

53

g

16

86

Ji0
596

60
83

t40,08%

20



TABLE 5.1-1 {(Cont}

(Section 700 - Distillation)

Stream Number 706 797 708
fusel 041s to Vents to Azeotrope to
Stream Name Product Blending Vent Recovery Anhydrous Calumn
\b/hr _ 1b/hw _ b/ e
Component
Water [+1 2 1,021
Cellulose - - -
Glucose - - -
Other Hexose - - -
Pentose - - -
Lignin - - -
Ethanol 17 s 11,7814
Degraded Pentose - - -
Furfural - - ’ -
Solubles - - -

Insolubies ) - - -
Sulfuric Acid - - - -
Sadium Hydroxide - - -
Sodfum Sulfatse - - -
Enzyme - - -
Mycelia - - -
Nutrients - - -
Ammonfum Hydroxide - - -

Carbon Dioxide - 170 -
Air - - -
Fusel 0Oils a5 - -
OQther Volatiles F - 19 T
Gasoline . - - -
Ash - - -
Total 695 226 12,809
Temperature, "F as a5 74

" 15 of 24



Stream Number. .
Stream Name

Component

Water

Callulose
Glucass

Bthar Hexosa
Pentosse

Lignin

Ethano)

Degraded Pentosa
Furfural
Soltubles
Insolubles
Sulfuric Acid
Sodium Hydroxida
Sadium Sulifate
Enzyua

Mycelia
Hutrtents
Ammonium Hydroxide
Carbon gloxide
Alp

Mathans

Sludgs

Total

Tenperature; “F

{Section 800 - Anaarcblc Digestlon)

801

Feed to Digester

TABLE 5.1-1 {Cont}

1b/hr

161,860
207
486

1,248
8,869
1,212

65

176,434

1056

16 of 24
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Stream Number

Stream Name

Component

Water

Cellulosse
Glucose

Other Hexose
Pentose

Lignin

Ethanol

Degraded FPentosa
Furfural
Solubles
Insolubies
Sutfuric Acid
Sod{um Hydroxide
Sodium SulFfate
Enzyme

Mycelia
Nutrients
Ammonium Hydroxide
Carbon Dioxide
Alr

Fusel Dils

Other Volatiles
Gasoline

Ashy

Total

Temperature, "F

TABLE 5.1-1 {Cont}

(Section 900 - Boller)

202 a03 804
Feed to Feed to Waste from
Lignin Centrifuge Lignin Boliler Lignin Centrifuqgse
1b/hr 1b/hr 1b/ b
121,494 1,386 110,108
a5 3 32
430 ac 390
6,957 6,610 347
35 35 -
111 10 101
2,180 203 1,977
131,242 18,287 112,955
104 1014 101

17 of 24

905
Total Lignin
feed to Boilar

806

HP Steam

_ (665 psia)

1b/hr

1b/hr

a6, 189
3,940
91

54,322

101

131,608

131,608

790



TABLE S.4-1 (Cont}

{Section 5800 - Botler)

Stream HNunber 208 809
) Waad Chips to
Stream HName Ash Bollser
1L/hr ib/hr
Companant
wWatoer - 3,475
Cellulose - 1,783
Glucose - -
Other Hexosg - 49
Pentose - 691
Lignin - 761
Ethanol - -
bBegrraded Pentose - -
Furfural - -
Solubles - S6
Insotubles - 135

Sulfuric Acid - -
Sadiunm Hydroxide - -
Sadium Sulfate - -
Enzyme - -
Hycel {& : - -
MHutrients - - -
Ammon tum Hydroxidoe - -
Carbon Dioxlide - -
Alr - -
Fusel 0Oils - -
Othiar Volatlles - -

Gasol ine - =
Ash 2,448 Z
Tatal 2,448 6,950
Temperatura, 'F - g , B8G

i of 24



TABLE 5.1-1 {(Cont)

{Section 1000 - Feedstock fland! Ing)

Stream Number 1001 1002
Wood Wood Chips
Stream Name Chip Feed to Bailter
Caomponent
Water 54,462 3,475
Cellulose 27,939 1,783
Glucosa - -
Haxose 763 49
Pentosa 10,838 691 .
Lignin 11,927 761
Ethanal - -
Degraded Pentose - -
Furfurail - -
Solubles ’ 871 56
Insolubles 2,124 135

Sulfurtc Acid - -
Sodium Hydroxide - -
Sodium Sulfate - -
Enzyme - -
Mycelila . - -
Nutrients - -
Ammonium Hydroxide - -
Carben Dloxide - -
Alr - ~
Fusel Olls - -
Other Volattiles - -

Gasol ine - -

Ash - -

Total 148,924 6,950
\—~,

Temperaturs, 'F 80 B8O

1S of 24



tream Numbar

Stream Namag

Component

Water
Callulose
Glucose
Hexoso
Pentose
tignin
Elhanol
Degraded Pentose
Furfural
Solubley
Insolubles

Sulfuric Acid
Sodium Hydroxide
Sodlum Sulfsate
Enzyma

Mycel ta
Nutrlents

Amimon tun . Hydrox ide
Carbon Dioxids
Alr

fusal Olls

Othar. Volatlles
Gasoline

Ash

Totatl

Teaperatura, "F

120t
Sludga
for

Disposal

1,238
(sludga})

1,238

80

TABLE 5.1-t (Cont)

(Section 1200 - Waste Treaiment/Vent Scrubbing)

1202 1203 1204

1202 1208
Treated
Water Vent Column Vent Recovered
Discharge Wash Watar_ = Column Vent Vants
167,224 745 - 745
- - 4 3t
- ~ 170 -
- - 2 t7
167,224 145 i7e 733
80 80 80 80

20 of 24

1206

CO0: Wash
Column

Wash Watar

5,585

80

1207

CO: Column
Vent

11,120

i1,307

80



TABLE §.1-1 (Cont)
(Section 1200 - Waste Treatment/Vent Scrubbing)
Stream Number 1208

Recoveread
Stream Name CO: Vents

Component .

Water 5,585
Callulose -
Glucose -
Hexose ’ -
Pentose -
Lignin -
Ethang! 44
Degraded Pentose -
Furfural . -
Solubies -
Insolubles -
Sulfuric Acid ) -
Sodium Hydroxide -
Sodium Sulfate -
Enzyme -
Mycel ia -
Nutrients -
Ammontum Hydroxide -
Carbon Dioxide -
Alr -
Fusel Oils =
Other Volatiles -
Gasoline -
Ash -

Total 5,629

Temperature, 'F B8O

21 of 24



TABLE §.1-1 (Cont)

(Sectloun 1300 -~ Chemicat tlandl ing}

Stream Nuuber 1301 1302 1303 1304 1305 1306

NaDIt to HeS0« to
Water/ SO« to Enzyma H: 504 to - 1:S04¢ to H: 504 to
Stream Nams : Alkall Wasih Pretreatment Fermenters liydrolysis Boflar Plant

Component

Water 1.443 - - - - -
Callulose - - - - - -
Glucosa - - - - - -
Haxoue - = - - - -
Pentosa - - - = - -
Ligntn - - - - - -
Ethanot = - - - - -
Degraded fPantosa = - - - - -
Furfural - - - - - ~
Salubles - - - - - -
Insoiubles - - - - - -
Sulfuric Acid 1.443 156 29 246 1,48% 1,908
Sodlum Hydrox lde - - - - - -
Sodlum Sulfate - - - - - -
Enzyme - - - - - -
Mycel ia - - - - - o
Nutrients - - - - - -
Ammonium llydroxide - - - - - -
Carbon Dioxide - = - < - -
Alr - -~ = - - -
Fusal Gils - - - - - -
Other Volatites - - - ~ - -
Gasol ine - - - = - -
Ash - - - - - =

Tatlal 2,886 156 21 246 1,485 1.808

Temperature, " F 80 80 80 80 B8O 8O

22 of 24



Stream Number

Stream Nameg

Component

Watar

Cellulose
Glucose

Flaxose

Pentose

Lignin

Ethanol

Deagraded Pentosa
Furfural
Solubtes:
Insolubtes
Sulfuric Acld
Sodium Hydroxide
Sodium Sulfate
Enzyme

Mycel ia
Mutrients
Ammonium Hydroxide
Carbon Dioxide
Alr

Fusel 0115

Other Volatiles
Gascline

Ash

Totatl

Temperature, "F

1401

Gasoline

613

613

ac

TABLE S§.1-1 (Cont)

(Section 1400 - Product Storage and LoadlIng)

1402

Denatured
Ethanol Product

102

11,792

a5

613

12,548

80O

23 of 24



Stream Number

Stream_ Namg

Component

Water

Callutoso
Glucosa

Haexosea

Pentose

Lignin

Ethanot

Degraded Pentosse
Furfural
Solubles
Insolubles
Sulfuric Acid
Saodlum Hydroxide
Sodium Sulfate
Enzyme

Mycelia
Mutrients
Anmmonium llydroxide
Carbon Dioxide
Alr

Fusel 011s
Other Votatlles
Gasoline

Ash

Total

Teaperaiure, °F

L L L . S L

{Section 1600 - Wasta Treatment/Condensate Return})

1501 1602
Boller Feed
Water Makeup Matar
131,608 43,070
131,608 49,070
250G ac

24 .0f. 24
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5.3 OFFSITE FACILITIES

Plant roads, parking areas, and perimeter fencing around the site are
shown on the Site Plan (Figure 5.3-1). These items are reflected in the
cost estimate. In addition, an allowance was made in the cost estimate
for landscaping.

Buildings included in the developed capital costs for this facility are
listed in Table 5.3-1.

The costs for furnishings and laboratory equipment are included as an
allowance.

3.3-1



Bullding
Number

Description

Administration
Maintenance/Warehousse

Service

Gate House

Feed Preparation

Steam Explosion Feed Bins Canopy
Process Air Compressor Shed
Mathane Comprassor Shed

Cooling Tower Chlorine Storage
Dewatering Equipment Building
Truck Loading Metal Deck Roof
Fire Pump and Foam House

Fire Water Pump House
Instrument/Service Air Compressor Shed

TABLE 5.3-1

BUILDING SUMMARY

Floar Area

—_(Ft*)y

6,600
12,800
6,400
180
5,500
1,600
1,200
2,400
260
5,600
400
00
300
1,200

t of t

Height
{Ft)
12

24/16
9

60

Comments

Adr Conditioned

Shop has 24' ceiting

Afr Conditioned

Alr Conditioned

Open Sides .

Supported by bin support structure

Opan Sides



5.2 UTILITIES
5.2.1 Steam System

The steam system is designed to combust the cellulose and lignin wastes,
methane from the anaerobic digester, and supplemental wcod tc produce
high pressure (650 psig) steam. Excess HP steam is let down through
back pressure turbines which drive the air compressors (R-3013,5) and
provide the required LP steam for the process.

Figure 5.1-10 is a process flow diagram of the steam system. The waste
lignin stream from the lignin centrifuge (R-904) is conveyed at
38-percent solids into the boiler. The solids are then fed into the
boiler by a screw conveyor (W-901). Methane is fed directly into the
boiler bed wvia a sparger distribution system. Supplemental wood chips
are conveyed from the feedstock handling system (Section 1000) and screw
fed into the boiler via the boiler wood chip screw feeder (W-905). Fuel
0il service is supplied in the boiler sectien for startup purposes.

The boiler is specified as a fluidized bed type to allow the cembustion
of the lignin and other wastes without additicnal drylng The boiler

island includes the following fan-to-fan squipment:

Eoiler Island Equipment

B-801 Fluidized Bed Boiler

W~-901 Beilsr Screw Feeder

T-801, T=-902, T-203 Boliler Heat Exchange Surfaces
R-901, R=902 FD and ID fans

G-301 Multiclones

G-302 Baghouse

Air for  fluidization and combusticn is supplied by the primary air fan
(R=901). The air is preheated with £flue gas in the air preheater
(T-903) and enters the boiler (B-901) in the distribution champber. The
fluidized bed of inert material creéatas a turbulent mixing to thoroughly
combust the lignin and waste particles. Particles carried overhead with
the flue gas enhance the heat transfer coefficients in the heat
exchanger banks.

The larger particles are captursd in the multiclone (G-=201) and are
recvcled to the ked., The fine particles, primarily woecd ash, are sent
to the baghouse (G-%02), whare they are removed frem the flue gas. Wood
ash exits the baghouse and is transportad by the belt conveyor (W-302)
to the ash storage silo (09-902), which is sized for one-day storage.
Waste ash is taken from the site by truck.



The steam header ~diagram is -shown in Figure 5.2-1. The major uses
include the steam explosion guns (V-2033-D), . the evaporator,  and . the
distillation reboilers (T-719, T-708, T-709).

High pressure steam supplied by the boiler (B3-%01) is desuperheated and
used in the steam explosion guns {(V-203a-D). The air compressors
(R-201A,8) are driven by HP steam through back pressure turbines
providing LP steam at 50 psig. The ¢lsan condensate is raturned to the
deaerator (M-1507).

5.2.2 Cooling Water System

The cooling water system is shown in Figure 5.1-12. "The c¢ooling watar
summary Jor the enzyme-based ethanol plant “is  given in Figure 5.2-2.
The function of this system is to supply c¢ooling watar to the individual
component coolers and heat exchangers located throughout the plant and
to reject this ‘waste heat to the . atmosphere by both sensibla znd
evaporative heat transfar in the coocling tower. A closed-cycle cooling
system was specified  which  utilizes -a wet, mechanical drafi coéling
tower to dissipate heat to the atmosphersa:

The study design basis uses a summer wet bulb temperature of 75°F and a
maximum c2ld water tamperature of 35°F, thus dictating a design ceoling
tower approcach of 109F., - The ccoling tower dasign drift  ratz is
specifiad not to exceed 0.001 percent of the ¢ooling water svstem  flow.

The cooling water circulating pumps each have a capacity of 6,500 ¢pm-a%
100 £t total discharge head (TDH). Three SO-percent pumps are providad,
The distribution 'piping  system is sized so that, at design flow, the
velocity is approximately 10 fps. Twe of the thras S0-percent capacity
cooling water pumps (P-1102,B&C) nermally ¢irculate the c¢zoling water
through carbon steel distiributicn pipes. Hot water is raturned  to  the
distribution <trough of  the multfi-esll cooling tower (G-1101). ‘Water
spills downward through the  tower packing while -airflew is  inducad
vpward by the tower ' fans. Tha. falling ‘water . is cooled bv both
evaporative and sensible heat transfer to the air and dis czllsactsd in
the basin for recirculation.

Biofouling -in - the  cooling water ~'system and raelated  exchangsvs is
controlled by the pericdic injection of chlstine into the cooling watar
pump  inlet. An - acid £eed system maintains circulating water pHi.-an
inhibitor feed system is provided for controlling corrosion. ' Untrsatad
well water is used for cooling tower makeup (275 cpm).

The " rafrigerated water .system supplies c¢hilled water to areas ¢# the
plant which must be cooled below a reasonable approach for . the. cfoling
water system. The package refrigersticon unit is shown schematically in
Figure 5.1-8 (T-602, T=-803, R-802).

The  refrigerated watar summary is given in'F
uses. ars the Ffarmenter f2ed chillar (T-8G4), the £
loop ceoler (T-202),  and. the distillation veant

=2. 7 The primary
rorefrigeration

25, T~

- 4



727). A cooling water inlet temperature of 60°F was specified with a
10°F rise giving a total refrigerated water flow rate of 1197 gpm.

5.2.3 Instrument/Service Air System

The Instrument/Service Air System is designed to provide compressed air
to the process plant and offsites. Raw, compressed air is supplied to
the service air header, while c¢lean, dry air is required for the
instrument and control header. Two compressors (R1601, R1602) are
specified to supply 600 scfm each at 100 psig. In normal operation the
compressors are isolated, each connected to one cf the two main air
headers. Special valving is provided to allow one compressor to back-up
the other in the event of equipment failure or required maintenance.

Both compressors are equipped with filter/silencers which remove
08 percent of the particles greater than 3 microns. In  addition, the
instrument air system contains pre- and after-filters (V1603, V1604)
around a desiccant dryer system (V1607) to remove essentially
100 percent of particles 3 microns and greater, and to dry the
instrument air to a dew point of =-40°F.

5.2.4 Fire Protection System

The function of the fire protection system is to detect, annmunciste,
suppress, and extinguish any fire on the plant site or in any building
or enclosed area, either automatically and/or manually.

The fire protecticn system is designed, installed, and  tested in
accordance with the following Mational Fire Protection Aassociation
(NFPA) Standards:

NFPA-11 Foam Extinguishing Systems
NFPA-12A Halon 1301 Systems

NFPA-13 Sprinkler Systems Installation
NFPA-14 Standpipe and Hose Systems
NFPA-20 Centrifugal Fire Pumps

NFPA-24 Qutside Protectien

NFPA-70 National Electrical Code
NFPA-214 Water Cooling Towers

All components shall be listed or approved by Underwriters Laboratories
(UL) or Factory Mutual (FM).

The fire protection system is designed to provide 2,500 gpm of water to
the plant fire water loop, to provide Halon as required to the plant
control room, and to provide foam to sterage tanks containing velatile
organic compounds.

Site water storage for fire protection is reguired equaling 2-1/2 hours
of operation of the maximum sprinkler demand. One storage tank is
provided with a capacity of 400,000 gallons. Two 2,500 ¢pm fire water
pumps are supplied; one 1is motor-driven (P-1801) and the other is

5.2-3



T-201
T-303A.B
T-304A.8
T-401
T-50¢
T-601
T-603
T-703
T-704
T-705
T-711
T-7t2
T-713
T-715
T-717
T-724
T-801

T-301A. B
T-302A.8B
T-602
T-604
T-726
T~727

TABLE 5.2-1

CODLING WATER AND REFRIGERATED WATER EQUIPMENT SUMMARY

Cooling Water Equipment

Totat
Duty
Saervice (MM Btu/hr)

———

Vacuum Flash Condenser

Alr Sparge Coolar

Alr Compressor Intercooler

Hydrolys|s Dilution Cooler

Evaporatar Surface Condenser
Fermenter Feed Cooler

Refrigerant Condenser

Recovery Column Overhead Condenser
Ethanol. Product Cooler

Beer Still Bottoms Cooler

Decanter Feed Coolar

Fusel 01} Cooler

Anhydrous_Column Purge Cooler
Anhydrous Column Overhead Condenser
Anhydrous. Column Hold Tank feed Coocler
Anhydrous Column Hold Tank Vent Condenser
Digester Feed Coaler

-]
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w
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Refrigerated Water Equipment

Fermenter No. .1 Recycle Cooler 3.8

Fermenter No. 2 Recycle Conler 2.44
Refrigeration. Loop Cooler 4.143
Fermanter Feed Chitler 3.00
Beer S5ti11 Vent Condensar 0. 16
Degasser Drum Vent Condenser 0.01

1 of 1

1o

Total Flow
m

1,480
448
448
509

5,056
640
983
422
146
727

96

760
488
826

32
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5.4 ENVIRONMENTAL CONSIDERATIONS AND COMPLIANCE
5.4.1 Water Quality Standards and Permit Requirements

igure 5.4-1 and Table 5.4-1 show the water balance for thes entire
facility. Based on the annual averaces reguirements, 846 gpm of £{resh
water are required to support plant operation. Using Haulaula Well as a
typical water source, it was assumed that guality and guantity of water
available was sufficisnt to allow use without treatment, ezczpt Zor
boiler maksup water requirements. It is recommended that this £low be
treated using cation, anion, and mixed bed exchanger to ensure trouble-
free boiler and turbine operatien. The makeup demineralizer svstenm
consists of two 100-percent trains, each sized for approximately 95 gpm.

U! '1

a
-

Cooling water treatment consists of chlorine addition for hiefouling
control of the main condensers and sulfuric acid feed to control calcium
carbonate sealing.

The wastewater treatment system is designed to treat an average flew of
344 gpm from the cogeneration and process facilities., Wastewaters
associated with cogeneration plant operation consist of relatively small
quantities cf floor and equipment drainage, boiler blowdown, and makeup
demineralizer regeneration wastes, as well as the larger cooling tower
blowdown flow. Effluent limitations for the steam electric gensrating
industry, 40CFR423, may be used as a guide to evaluate reguirements
applicable to these wastes. At the state level, effluent limitaticns
are generally similar to the required minimum federal limitations.
However, additional treatment requiremsnts mav be imposed by state
authorities to minimize the impact of a discharge on any particular
racdiving water.

Wastewater associated with the ethanel plant consists of fermenter
washwaters, recovery column bottoms, floor - and eguipment drains, and
anaerobic digester effluent, as well as sanitary wastes from the entire
facility. No specific effluent limitations have been developed by EPA
for the fuel ethanol industry. Since these wastewaters ars
characterized by conventional pollutants, i.es., biclogical oxygen demand
(BOD) and suspended solids, which are regulated £for municipal
publically-ownad treatment works, the average municipal treatment plant
effluent limits defined in 40CFR133 were applied to process wastewalars.

To minimize the size and cost of the various components, waste streams
were seqgregated according to treatment reguirsments.

Woed pile runoff and floor and equipment drains from the csgeneration
area, which contain primarily suspended solids, are collected and held
in a settling basin. The basin is sized to hold the flow from the wooed
vile and materials handling areas resulting from the 100-yr, 2¢-nr
storm, or approximately 570,000 gallons. This design presumes that
sufficient detention time can be provided to allow <for setiling of
suspended solids, without additicnal chemical treatment, to levels
permittad for discharge.

5.4-1



Oily ~drains from ' the cogeneration aresa are collected and treated in a
corrugated plate-type oil/water separator at a design rate of 50 cpm.

Chemical area drains from both the process and cogeneration arsas,
boiler blowdown, and maksup deminsralizer system ragsnaraticn wastes,
are collected and the pH adjusted, if necessary, before discharge.
Since these flows are intermittent and variable, an  egqualization train
is provided upstream of the neutralization system. The basin is sized
to hold a maximum daily flow of approximately 75,000 gallons plus ~an
allowance for fresboard ‘and sludge accumulation. " Autcmatic sulfuric
acid and  sodium  hydroxide = fesd = equipment = srs provided for
neutralization.

The ramainder of plant wastes, consisting of sanitary wastes, process
arsa floor and equipment drains, fermenter wash water, racovery column
bottems, and anaerobic digester effluent, are collected and biolocically
treatad before discharge. The average daily flew of the biological
treatment system is 287 gpm and centains approximataly 14,550 mg/l of
CO0D, 6,500 mg/l of BOD, and 117 mg/l of suspended solids. Due %o ~the
high BOD and COD, a two-stags process is required to achieve compliance
with the assigned effluent limits. ~ Trickling £filters are used "as
roughing filters te remove approximataly 50 percent of the BOD in the
influent. Ninty-nine percent-of the remaining BOD “is  remeved in - an
aeration basin.

Before combining  the  various -waste streams in the trickling filter
distribution sump, the ' anaerobic digester ~effluent is  clarified to
remove suspended solids.  The ‘clarifier @ is 34 £t in diameter and'is
designed for a hydraulic load of 0.4 gpm/fta.

The first stage of biological treatment consists of thres 45.7¢
diameter, 28 ft deep plastic media packed towers and cne 33 fi diameter

efflvent clarifier. . A portion of = the - trickling filter effluent is
recycled back to the filters and the excess portion is discharged to the
clarifier for solids removal. The »hydraulic . . loadihg = of

0.7 gpm/£ft2/filter improves the organi¢ removal efficiency by egualizing
and- . diluting the high ‘ecrganic load  and  provides  for  efficisnt
distribution of the wastawater on the filter media. Lew spe=d fans are
provided  for each f{iltsr to . ensure that :azsrchic  ¢ondizions - are
maintained wi*hin the Ffilter, A  design' organic load 'of.. 200-1b
80D/day/1000 £t3  for 50-percent BOD  reduction was used in aczordance
with previous investigations. .  Each trickling filter - is identical  and
has a total media volume of .approximataly 41,000 ft3.

A phosphoric acid feed system, with . pH adjustment using ammonium
hydrozide, is utilized to adjust the pH and provide the ghosphorous: .and
nitrogen requirements. of the trickling filter microorganisms.

The = poriion of the trickling filter effluent not recycled is traatad in
a 33-ft-diameter clarifier. A clarifier overflow rats of  approximately
0.4 gpm/ft2 was used. . The ‘clarifier effluent . is discharged to an
aeration basin where the wastewater is - biclogically  stabilized under
aercbic = conditiens.  The aeration basin 1is 220 £tz 117 §t x 17 St
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sidewall depth (SWD), based on a BOD loading of 0.2 1b BOD/1b mixed
liquor volatile suspended solids (MLVSS) and a resulting aeration period
of approximately 7 days. Eight floating low-speed mechanical aerators
are provided to supply the dissolved oxygen necessary for process
requirements and to maintain microorganisms and other solids in
suspension. = Wastewater and suspended microorganisms are continuously
discharged from the basin and the biological solids are separated from
the biologically treated wastewater in a final clarifier. A portion of
the settled sludge is returned to the aeration basin to maintain a
viable bicmass -and the remainder 'is treated for disposal. The
40-ft-diameter aeration basin effluent clarifier is  designed -at a
hydraulic load of 0.3 gpm/ft2.

Solids  removed by the various clarifiers are pumped to a 70 ft diameter
sludge thickener, designed for a solids loading of 8 lb/ft2/day. The
thickener increases the solids content of the sludge from 1 percent to
3 percent. The sludge is further dewatered, after sludge conditioning
by polymer addition, using three 1.53-meter belt filter process.

The filtrate is returned to. the aeration basin and the 20 percent solids
sludge is conveyed by truck to an appropriate = disposal site. The
expected total dry solids sludge production is  expected to be
approximately 30,000 1b/day.

The total cooling. tower blowdown flow rate of 69 gpm is recycled to
provide chemical dilution water and wash water makeup for the ethanol
plant. ’

All of the wvarious treated wastewaters are directed to a dischargs
menitoring sump prior to discharge. State water quality laws require
open coastal discharges ' to be discharged into a minimum of 60 ft of
water or 1000 ft offshore, whichever distance is shorter. The combined
wastewater will be discharged into Hilo - Bay through an - offishore
discharge structure.

The treatment of process wastewaters results in the production of
sludges requiring some form of disposal. Dewatering - to = levels
sufficient for trucking to an appropriate offsite landfill was assumed.
Three alternatives are available:

1. Incineration in the fluidized bed boiler
2. . Land farming

3., ‘Application ' to  the  tree plantation . for ' purposes of
fertilization

Land ‘availability, environmental considerations, - and location of the
various disposal sites must be identified before alternatives No. 2 and
3 are to be considered viable. Alternative No. 1 must consider either
sufficient dewatering to permit incineration in the boiler without fuel
penalty or minimizing dewatering reguirements and assessing fuel
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penalties. The ecoriomics of each alternative would require additional
investigation.

A National or Stats Pollutant Discharge Elimination System (NPDES/SPDES)
permit will be required since . the facility will discharge treatad
wastewaters  into surface waters. Information submitials  will ' be
reguired by the EPA in order to  assess the need for the project
consideration of alternatives, and environmental impacts.  EP3 will then
determine if additienal information in - the form of an  Environmental
Impact Report or Environmental Information Documen:t is required.

Plans for ofisite disposal of solid, nonhazardous wastes should include
some form of agreement with operators for the axisting land disposal
facility licensed by the state,

Other federal and state permits or approvals may be raguiresd depending
cn unique site and project characteristies., Typically, such permits may
include, but not be limited to, the following:

. rederal Aviation Regulation (FAR77) relative to stack height
‘ clearance for aircraft

. U.S. Army Corps of Engineers, Parmits fer Struchures. or Werk in
Navigable Waterways; Drudge and Fill Permit

. Permits by State Public Utilities  Commission and by U.S.
Federal Energy Regulation Commission for electrical gesneration
and transmission lines

. State and Local Agancy Permits for  fusl oil, fuel alcehol
storage, and various other building permits

e - 'State -approval if sita censtruction is ' within an approved
Coastal Zone Management Plan

5.4.2 Ailr Quality Standards and Permit Requirsments

Hawaii's Department —of Health (DCH) has recsntlv proposed %o relax its
ambient air gquality standards for particulates and sulfur diocxide (S0,)
to the same levals as the National Ambient Aiy Quality Standards (MRAZS)
(Table 5.4-2). However, nitrogen diczide (MO,), carbon monoxide (C3),
and ozone state standards will remain mors stringsnt than the- fadaral
stanhdards. Hilo is in compliance with all state and federal ambient air
quality standards.

An ethanol plant at Hilo will have to obtain a Prevention cf Significant
Deterioraticn (PSD) permit and an Authority to Construct permit from DOYH
before starting censtruction.  The site is approximately 25 miles from a
federal Class I aresa, the Volcsanos National Park, and emissions from.the
plant must not contribute to ambient air quality concentraticns in the
Park = greater than Class I  increments . for . S0, .and particulates
(Tabla 5.4-3}). air quality permits require that -state and fadaral
emission limits - ars achiesved and that Best Available . Tachnolegy (BACT)
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is applied to all sources of significant emissions. The DCH has
proposed to define significant emissions eguivalent to federal levels
(Table 5.4-4),. Applicable state emission  standards include a
particulate limit of 40 lb/hr (0.4 1b/100 1b process weight), an opacity
limit of 20 percent, a sulfur in fuel limit of 2 percent, and an ethanol
storage requirement for internal floating roof tanks, or similar control
eguipment. Applicable federal emission limits are comprised of New
Source Performance Standards (NSPS) for industrial boilers and for
volatile organic compound (VOC) distillation operaticns and equipment
leaks. 7The industrial beoiler and distillation regulaticns are in the
proposal stage but, nevertheless, apply to this project. The NSPS limit
boiler particulate emissions to 0.1 1b/106 Btu and essentially require
process VOC emissions (after all recovery systems) to be reduced by
98 percent, or to,a concentraticn of 20 ppm, whichever is  less
stringent. An equipment leak detection and repair program for VOC is
also required. The vreguirement for a 98 percent vreduction in VOC
emissions can be waived if a source maintains a total rescurce
effectiveness (TRE) index of greater than onse. The TRE index is a
measure of the resources needed for additional reductions in VOC
emissions and is based on flow rates, heating wvalues, and cecrrosive
properties of the vent stream.

Emissions and Emission Controls

Particulates from the boiler will be limited to 0.03 1b/106 Btu with the
application of a baghouse filter (Table 5.4-5). This level of control
is more stringent than the state or federal emissicn limit but is
representative of BACT. Nitrogen oxides and CO, which have no specific
state or federal limits, will be controlled by proper ccombustion design,
also representative of BACT. The proposed atmespheric fluidized bed
boiler yields low NOxX emissions due to lower combustion zone
temperatures. Emission estimates for the boiler were developed from
pilot plant test data and, in the case of particulates, from the
baghouse specification (Table 5.4-=3). Sulfur dicxide emissions are
neglible  because the wood-derived £fuel contains neglibla sulfur.
Veolatile organic compounds and lead are also emitted in neglible
guantities from the boiler.

Process emissions, excluding carbon dioxide and water, consist primarily
of gaseous ethanol. The vent stream from the wvapor rzcoverv svstem will
be piped to the boiler for combusticn to achieve a 90-percent reducticn
in VCC emissions. The carbon dioxide wash vent stream will be treated
with a carbon adsorber +to remove VOC to comply with the NSPS for
distillation operations.



Stream
No.

i3
14

15

17
18
19

20

TABLE 5.4-1

UTILITY Wa
EMZYME-BASED =

o
] i

Description
Haulaula Well
Service Water
Raw WateYy
Demineralized Water
Pcotable and Sanitary
Service Water
Sterilized Water

Chemical Dilution

* Process Makeup

Process Maksup (Total)
Cooling Tower Makeup

Wood Pile Runoff

Floor and Eguipment Drains
Oily Floor Drains

Chemical Area Drains
Boiler Blowdown

Water Treatment Wastes
Sanitary Waste

Chemical Area Drains
Anaercbic Digestor Effluent
Reéovery Column Bettoms

Process Area Floor Drains

2

Average Tearly
Flow (gpm)

846

25

93]

M
i

~f

10

i

4)]

L

250

21



TABLE 5.4=1 (Cont)

Stream Average Yearly
No. Description Flow. {gpm)

23 Clean In-Place Wash 1

z5 Cooling Tower Blowdown \ 69

26 Cooling Tower Blowdown (Recycled) 69

27 Evapoéation & Drift : 206

28 Settling Basin Effluent 21,

29 Tr=ated Qily Wastes 5

30 Meutralization System Influent 31

31 Neutralization System Effluent 31

32 Process Wastewater 287

33 Biclogical Treatment System Effluent 277 —

34 Biological Sludge 80

35 Filtrate 70

36 Tewatered Sludge (Entrained Water) 10

37 Cooling Towar Blewdown (Disablad) o

38 Discharge to Hilo Bay 334



TABLE

5.4-2

AMBIENT AIR QUALITY STANDARDS

(ng/m3)
Hawaii NZROS
Primary Secondary

Sulfur Dioxide Annual 20 80 -

24-hour 80 365¢1) -

3-hour 400 - 1,300
Particulatas. " annual 55 75¢2) 60(3)

24-hour 100 260¢1) 150¢1?
Nitrogen Dioxide Annual 70 160 100

24-hour 150 - -
Carben Monoxide g8-hour 5,000 10,000¢1) 10,000¢%)

1-hour 10,000 40,000¢1Y - 40,000¢1?
Lead Calendar quatrter 1.5 1.5 1.5
Ozone l-hour 100¢%) 2355 235¢5)
Hydrocarbons 3-hour 100¢8? - -
NOTZS:

1. DNot to ke exceeded more than once per year.

2.

Armual geometric
megans.

mean: all other annual standards are arithmeiic

Guideline only.
Daylight hours only. tandard is for photcchemical oxidants.

Standard attained when expected number of days with maximum hourly
average above the standard is equal to or less than one.

Mcrning hours only.

1 of 1



TABLE 5.4-3

PREVENTION OF SIGNIFICANT DETERIORATION INCREMENTS(¢!?

(ng/m3)
Class I Class II Class III
Sulfur Dioxidsa Annual 2 20 40
24-hour 5 Q1 182
3-hour 25 512 700Q
Particulates Annual(2? 5 19 37
24~hour © 10 37 75

NOTES »

1. Z3-hour and 24-hour increments may be exceeded once per year.

2., Annuzl geometric mean.



TABLE 5.4-4

FEDERAL SIGNIFICANT EMISSION RATES(1?
(tens/year)
Sulfur Diswide 40
Particulates ‘ 25
Nitrogen Oxides 40
Carbon Monoxide 100
Ozone (velatile organic compounds) 40
Lead 0.5

NCOTE :

1. Hawaii DOH has preoposed squivalent lavel for significant emissions,



TABLE

i

5

BEST AVAILABLE CONTROL TECHNOLOGY AND AIR EMISSIONS (1’

Emission annual
Limit Emissicns(2?

Pollutant Control Mathod (1b/106 Btu) ton/vr)
Particulates Baghouse 0.03 30
Nitregen Oxides  Fluidized Bed 0.4 300-500¢3?
Carbon Mcnexide  Combusition Control - <100¢)
Volatile Organic
Compounds - <1¢5?
Sulfur Dioxide - - negligible
Lead - - ' negligible
NOTES:
1. BACT is detsrmined by Agency on  a case-by-case basis. Control

methods provesed are based on experience with similar facilities.

Annual

emissions

conform to BACT emission limits and ars based on

pilot plant test data, with the exception of VOC.

3. Test data ranged from 0.3 to 0.5 1b/106 Btu.

attain 0.4 1b/10% Btu.

NS

Pilot . plant

sheould attain

not optimized

cocal-fired boiler (<100 ton/yr).

u
.

for
CO levels comparable to a similarly

Commarcial unit should

CO reduction, but commercial unit

sized pulverized

Pretreatment VOC emissions include process (29,7 ton/vr) and storage
and withdrawal (0.3 ton/vr). VOC emissions will be contreclled to a
90 percent readuction by combusting the recovery vent stream in the
boiler and treating the carbon dioxide wash column vent stream in a
carbon adscrber.
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SECTION 6

PLANT CONSTRUCTION AND OPERATION

6.1 PROJECT CONSTRUCTION SCHEDULE

The project constructicn schedule for the Hawaiian Enzyme Hydrolvsis
Facility is shown in Figure 6.1-1. The schedule reflects a 32-month
period from project authorization to commercial cperation.

The major schedule elements include the following:

. A 3-month. period _to prepare and submit permit applications,
followed by a 5-month period for agency review and approval
process. The end of this period results in a total of 8 months
elapsed betwzen project authorization and the start of
construction.

. A l4-month period for the Engineering Phase, which commences
with the authorizatiecn of the project.

. A l4-month period for the Detailed Design Fhase, which'begins 2
eeko after project authorization.

. An overall 22-month procurement activity, beginning 1 month
after the authorization of the project and inciuding a period
to initiate procurement activities.

. A 2¢-month period frem start of censtruction to commercial
cperation.

6.1-1
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6.2 PLANT OPERATION

The enzyme hydrolysis based wood-to-ethanol facility is staffed as
outlined in Figure 6.2-1. The overall reponsibility for the Ffacility
rests with the Plant Manager. Assisting the Plant Manager are an
Operations Superintendent, Plant Engineer, Maintenance  Superintendent,
and administrative staff. It is assumed in this staffing that the
facility .is under the jurisdiction of a larger corporation. and the
administrative functions relating to payroll, personnel, ‘and other
corporate affairs are delegated to the home office,

The ' actual operation of the plant is the responsibility of the
Operations Superintendent. Reporting to the Operations Superintendent
is the Shift Supervisor who actually oversees the plant operations on
each shift. The Shift Supervisor 1s directly responsible for the
Control Room, plant operators, and the material handlers. In additien,
in his capacity of directing plant operations, he supervises the
Waste/Water Treatment Section and the Quality Control/Microbiological
Laboratory.

The Control Room will be the center of operations. Using remote
control, many of the plant evolutions will be conducted by the Control
Room staff. In addition, plant funections that cannot be conducted
directly from the Control Room will be initiated by its coperators. The
Shift Supervisor and twe operators will staff the Control Rocm to
monitor process flows and conditions, ensuring that the process i1s run
properly and efficiently.

Plant operations reguiring lecal attention will be conducted by the
plant operations staff. Nine operators will be available to perform
remote  operations as guided by the Control Room.  Additional
responsibilities of the plant operators will include assisting in
general maintenance and overall plant cleanliness. During the day
shift, two additional operators will be present to assist the normal
staff in conducting special maintenance or plant evolutions.

Incoming raw materials and chemicals and the distribution of product are
also the responsibility of the Shift Supervisor. Four material handlers
will be present on each shift, plus an additional two during the day, to
maintain the wood pile and oversee the c¢peration of the feedstock
handling, <chemical storage, and product blending sections of the plant.

The Plant Engineer 1s responsible for the Waste/Water Treatment and
Quality Control/Microbiological Laboratory. This structure is to remove
the quality control functien from the cperating secticn of the plant,
thus ensuring its impartiality. ‘

The Waste and Water Treatment Systems (Sections 1200 and 1500,
respectively) make up a significant portion of both the capital cost and

plant area in this facility. A separate Waste/Water Treatment
Specialist will report to the Plant Engineer and be responsbile for the
proper operation of these systems. included in this staff of four
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system operators per shift will be personnel meeting ‘the = licensing
requirements in the State of Hawaii for treatmsnt plant operators.

To 'provide  both ' the raw ‘material and product analyses rsquired for
quality control, and the necessary microbiological ‘suppert, ~an onsite
laboratory is provided and staffed. . The laboratory will be mannsd on
all shifts by three. qualified technicians. A Chemist/Micrecbiologist
will oversee the 'daily 'operation and be responsible for maintaining
laboratory analytical results and standards.

Reports  concerning the final product quality and the facility effluent
discharged will be completsd by  the Plant Engineer, based upon - the
reports of his staff.

General plant maintenance is provided by a maintenance staff undar the
supervision of the Maintenance . Superintendent. For -.the feasibility
study cost analysis, maintenance labor was considered as a factor of the
installed equipment cost. - The actual marning of the maintenance shop is
not defined. Typically for a facility of this size, the maintenancs
staff would include instrument technicians, electricians, mec¢hanics, and
a welder, Plant shutdowns or special maintenance requirements would be
staffed on a contracted basis.

i
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SECTION 7

ECONOHMIC ANALYSIS

The econemic feasibility of tha enzymatic-based ethanol plant iIis
presented based on the Nth plant site near Hilo, Hawaii. The analysis
includes the economic results of potential improvements wvia research and
development, as well as a sensitivity analysis based on critical
parameters.

7.1 SUMMARY

The investment analysis of the enzymatic-based ethanol plant takes into
consideration the variables in the operation of the plant, the price of
raw materials, and product selling price by performing a sensitivity
analysis. The sensitivity analysis considers wvariations in = operaticnal
availability (stream factor), raw materials cost (wecod, electricity),
by-products (furfural, C; to ethanol, and lignin), and capital cests.
The total facilities investment 1s estimated to be $150,5624,000,
ineluding an allowance for indeterminants.. The potential increase in
the total facilities investment due to the current level of process
development should not be ignored.

The . sensitivity analysis on the base c¢ase 1is ‘then extended bhy”
considering potential technical improvements in the ' enzyme hydrolysis
reactor system, enzyme production system, and other process eguipment
which affect the plant economics. In addition, changes in the method cof
financing the initial investment (i.e., the assumpticn of debt) are
investigated.

The analysis 1is based on a constant dollar basis (1934 dollars),
100 percent equity financing, and a minimum discounted cash flow rats of
return (DCFROR) of 15 percent after taxes. The analysis includes the
use of the investment tax credit (ITC-10 percent), the energy investment
tax credit (EITC-10 percent) and the acczlerated cost recovery system
(depreciation, ACRS-15, 22, 21, 21, and 21 percent) over 5 years. The
ACRS is applied ¢to 90 percent of the depreciable plant in accordance
with currsnt ragqulations. The economic basis is shown in Table 7.1-1.
No specific alcohol fuel tax credit is taken since it is assumed that
this credit is already rsflected in the current selling price for fuel
ethanol. The base case plant design utilizes the pentose fraction of
the weed and other plant waste streams to produce methane in an
anaerobic digestor. The methane ' is subseguently burned to preduce
process steam. The woed lignin is also used as boiler fuel. This
design results in a required sthanol selling price ef $3.50/gal, which
is above the estimated ethanol selling price in Hawaii of = $1.30-
2.00/gal.

A change in the f{financial basis to include 25 percent debt at a real
interest rate of 8 percent reduces the required ethanol selling price to
$3.04/gal. This price 1s still above the estimated Hawaii pricz of
ethanol and indicates that a better use of the pentosan (C,) fraction of
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the wood and/or the lignin fraction of the wood is tequired in order to
attract investors to. finance this facility.

Two . alternative uses for the pentosan wood fraction are the production
of ethanol or furfural. The lignin may be sold to the  forest products
industry ‘as a binder.. The potential problems with each route-ars
discussed in Section §. The potential range of required ethanol selling
prices for these two .designs (with and without lignin sale) are:

Ethanol Price Range ~ Ethanol Selling Price
(without lignin sale) . (with lignin‘l! sale)

Case (5/qal) (s/gal)
Pentosa to furfuralt2? 2.14-3.568 1.42%2.90
Pentose to ethancl 2.08-3.16 1.52-2.858

1. Lignin value at 30.15/lb net to the plant
2. Furfural value at $0.20/1b net to the plant
The details of the selling price rangs are given in Section 7.6.5.2.

The areas where eccriemic improvements could be achieved through further
research and development are increasing enzyme activity - and - increasing
the efficiency of hydrolysis. The recovery  of ‘sodium hydroxide alse
should be included in any future design. The details of  these changes
are discussed in Section 8. The potential reduction in raguired ethanel
selling price for thesa geoals are:

Reduction in Ethanol

Cemponent Selling Price (¢/gal)
Enzyme Activity 13
Hydrolysis Efficiency 21
Sodium Hydroxide Recovery 15

The above thres cases ara potantially additive and c¢ould have a combBined
effect of potentially  lewering  ~the - ethanol = 'selling  price by
approximataly $0.50/gal.

The achievement of these optimistic research goals will not in itself
make -this process attractive to private - ifvestors: The " key is-in
conversion of the pentosan and lignin-fractions of the weood to valuable
by~-products.

3
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BASIS FOR INVESTMENT aNALYSIS(1)

.Compqnent ' Amount
Plant Life, vears | 20
Operating Factor, hr/yr 2,000
Equity, percent 100
Required Return on Investment, percent 15 DCFROR (after tax)

Interest Rate During Constructicn, parcent 8 real

Ethanol Producticn Rate, MM gal/yr 15

Tax Rate, percent 50

Investment Tax Cradit, percent 10

Renewable Energy Tax Credit, percent 10

Depreciation (on 90 percent ¢f plant) i3, 22, 21, 21, 21
Construction Time, vears 2.7

Wood Cost 539/EDT

MNOTE:

1. The investment analysis is bassd on a discounted cash flow rate of
return (DCFRCR) in censtant 1984 doilars. The cost of capital (Rate
of Return) and interast rates are net of inflation.



7.2 ECONOMIC BASIS

The economic feasibility of the enzymatic-based ethanol plant is based
on the Nth plant in a series of plants. The major changes in the plants
design would be dictatsd by site-specific conditions, such as climate,
environmental requirements, geotechnical limitations, and spscific co-
products. A discounted cash flow (DCF) type of analysis with a set rate
of return to investers of 15 percent is used to determina the ethanol
selling price from this plant. To eliminate thes need to estimate future
inflation rates, the analysis is performed in constant 1984 dollars.
The analysis includes the use of the investment tax cradit (Z7C-
10 percent), the energy investment tax credit (EITC-10 percsnt) and th
accelerated cost recovery system (depreciation, ACRS - 15, 22, 21, an
21 percent) over 5 years. The ACRS is applied. to 90 percent of the
depreciable plant in accordance with current regulations. The econemic
basis is shown in Table 7.1-1. No specific alcohol fuel tax credit is
taken since it is assumed that this credit is already reflected in the
current selling price feor fuel ethanol. The econecmic parameters for th
plant are given in Table 7.1-1.

[ PR (]
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7.2.1 Capital Cost Estimation Technique

The base-case conceptual design was costed to allow economic evaluaticns
to be performed. The capital costs for the ethanol plant were
determined from vendor quotes, cost data from previous engineering and
construction projects, and estimates where direct determination was not
possible (see Section 7.3). The plant was assumed to be constructzd by
contractors using union labor. Labor wage rates are from a recesnt labor
survey generated for the Hilo area.

An Allowance for Indeterminates (AFI) has been included in the capital
cost as a percentage of total materials and labor cost (not including
subcontractor's fee and overhead), and is kased on the known level of
detail of the enginezring design (e.g., the AFI goes down with a greater
level of detail). Each section of the plant was evaluated ard an
cverall AFI determined. The AFI has been set at 18 percent of capital
costs ($16,876,000).

The Process Develcpment Allowance (PDA) is 2 methed of re
the actual cost of facilities always excsads the cost e
development 1is incomplete and the concept is not compl
presently
available on a commercial level. The wuse of a PDA would allow the
capital cost estimate to:

. Account for the increase in the cost of facilities that
experience shows always occurs when  process develcpment
proceeds from one level to a more advanced lsvel, and the
definition of the process kecomes mere detailed.

. Be ccmpared with processes at different stages of development
on an eguivalent basis.
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A PDA was not calculated for this process. It should be recognized that
some- type ¢f increased capital cost, due to the stage of develcpment ‘and
the unique function ' of several process units, should be added to the
base case. This added cost would allow a more valid interpretation. of
the results.

Prior' to financing an actual plant, a risk -analysis is typically
performed and a separats centingency is calculated. This risk  analysis
contingeney (RAC): is a method of quantifying the probability of cost
cverruns. due to unforeseen events. Typical items imcluded in - the  RAC
would be:

. Inadeqguacies - in plant  scoping (e.g., design changes, revised
regulations, environmental impacts)

. Insufficient - information (e.g., land costs, sits premaration)
. Labor uncertaintiss (e.g., sirikes, productivity, contracts)
. Unforeseen matarials availability, ’ subcontractor expinses or

engineering exgenses.

Since exact site-specific information and definitive dasign details were
not fully develeped for this plant, the RAC was also axeluded from - the
plant capital costs.

7.2.2 Economic Analysis Methods

The investment . analysis takes into consideération the variables .in the
operation of the plant, the price cf raw materials, and product -selling
price by performing ‘a sensitivity analysis. = The sensitivity analysis
considers variation in cperational availability ' (stream factor), raw
materials cost (wood, electricity), by-product credits, and capital
costs.

The - investment analysis on the base-case design is then extended by
censidering technical modifications of the design which imgrove  the
econcmics, In addition, changss in the method of fidancing the initial
investment (i.e., the assumption of debt) are. investigated.
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7.3 CAPITAL COSTS

The capital costs of the enzymatic-based ethanol plant are shown in
Table 7.3-1. The total cost is $150,624,000. 2 sectional breakdown of
these costs 1is shown in Table 7.3-2. The costs have been divided into
materials and equipment, field installation labor, freight and tariffs,
engineering and construction management, and working capital. The
working capital is based upon 14 days storage of both raw materials and
finished product, plus 0.9 percent of the total base cost for spare
parts and miscellaneous materials. The basis for the cost estimate 1is
the base-case enginesring design performed as a part of this study. A
major equipment list (Appendix C) was developed and equipment classified
according to the type of cost estimation required. All major equipment
was sized and equipment duty specification sheets prepared, The items
requiring vendor quotations were assembled and sent for budgetary type
estimate quotations. A 1list of wvendors contacted is included in
Appendix A. The vendor responses were evaluated and the quotations
adjusted to include total equipment costs. Since budgetary type costing
information is not indicative of competitive bidding situations,
specific vendors were not selected. The vendor quotations were comparad
with inhouse information to determine eguipment costs, delivery
schedules, and installation factors for each piece of equipment or
vendor package. '

This cost’ estimate is based on the installation of the Nth plant in a
series of plants. The Nth plant is assumed to be constructed over a 32-
month schedule. The interest during construction is calculated using an
S curve (for the expenditure of funds) at a real interest rate (net of
inflation) of 8 percent.



ENZYME-BASED ETHANOL
CAPITAL COST - BASE

Cecmponent

Material and Equipment
Labor
Freight and Tariffs

Total Base Cost
Land Cost ' .
Engineering and Construction Managemant
Allowance for Indeterminents

Total Installed Cost
Initial Catalysts and Chemicals
Startup Expenses (3 months)
Interest During Construction
Working Capital

Total Facilities Investment

1 of1l

PLANT
CASE

Cost
(1984 dollars)

54,885,000
32,915,000
2,400,000
790,200,000
72,000
13,312,000
16,876,000
120,460,000
439,000
12,068,000
14,375,000
3,282,000
150,624,000



TABLE 7.3-2

SECTIONAL COST FCR ENZVME HYDROLYSIS

Sactien

100 Pratreatment

200 Steam Explosion/Wash

300 - Enzyme Production

400 - Hydreclvsis

500 - Evaporation

600 Fermentation

700 Distillation

800 ~ Rnaerobic Digestion

900 Boiler

1000 - Feedstock Handling

1100 ~ Cooling Water

1200 Wastetreatment/Vent Scrubbing
1300 = Chemical Handling

1400 - Product Storage and Unlcading
1500 Instrument Air/Fire Protection (buildings

and miscellansous auxiliaries)

1 of 1

Cost

$2,864,000
$9,691,000
$7,242,000
$8,1856,000
$2,807,000
$4,274,000
$3,468,000
$7,291,000
$15,331,000
$7,293,000
$1,136,000
$3,297,000
$195,000
£355,000-

$8,865,000

$57,800,000



7.4 REVENUES .

The revenues from the ethanol plant come from several sources: the sale
of ethanol, the sale of carbon dioxide, the sale of C; stream derived
by-products, and the potential sale of lignin. In general, raw carbon
dioxide can be sold to a distributor for purification and sale Zor
approximately $10/ton. Although there is not a sufficient market in
Hawaii to justify the sale of this procduct, the effsct of this revenue
on vlant economics for other sites is discussed in Section 7.6. The Cq
stream can be converted into several different by-products. The base
case assumes the anaerobic digestion of this stream to produce methana-
rich gas which is then burned in the lignin boiler to produce steam for
in-plant use. Other uses for this C; stream include:

. Direct sale of the methane-rich digestion gases to an
industrial customer

. The preduction and sale of animal feed
. The production and sale of furfural
. The production of additicnal ethanol

A potential alternative is the sale of this by-product (e.g., to the

ferest preducts industry for use as an adhesive). Since a definitive
market for lignin is not defined, the price of this by-precduct is varied
to establish the potential reduction in ethanol selling price. For

similar reasons, the selling price of furfural was also varied to
determine the potential reduction in ethanel selling price,.

The selling prices of methane and animal feed are set by the local
market conditions in Eawaii and are not varied in the investment
analysis.



7.5 OPERATING AND MAINTENANCE COSTS

The operating costs for the plant include wood, elsctricity, chemicals,

manpower, water, and waste disposal costs. Tables 7.5-1 to 7.5-¢
enumerate these wvarious plant costs. The manpower costs include
100 percent of wages for overhead, The overhead costs follow the

general criteria for synfuel plants, as set forth by the Gas Research
Institute.

Maintenance costs are calculated as a percentage of plant section base
cost. Table 7.5-5 gives the maintenance factor by plant section.
Insurance and local taxes are taken as 1.5 percent of the plant total
installed cost. Table 7.5-6 summarizes the annual operating and
maintenance costs. - :

7.5-1



TABLE 7.5-1

MAJOR FLANT AND RAW MATERIAL OPERATING COSTS

Component Unit Cost Amount (per year) Costs (§)
Wood ‘ $39/ton (dry) 217,848 ton 8,496,072
Gasocline $1.00/gal 714,304 gal 714,304
Sulfuric Acid $92.32/teon 7,635 ten 704,863
Ammonium . .

Hydroxide _ $200/ten 4,703 ton 940,600
Sodium Hydroride $500/ton 5,772 ton 2,886,000

Wood Fuel $39/ton (dry) 13,898 ton 542,022



Component

Process Chemicals

Corn Steep Liquor

Offsite Chemicals

100% Sulfurie Acid
Chlorine

50% Sodium Hydroxide

29% Bmmonium Hydroxide

mhed

35% Hydrazine

85% Phospheric Acid
Anhydrous Amménia
Liguid Polymer

Corrcsion Inhibitor

TABLE 7.5-2

CHEMICAL USAGE

Quantity
Unit Cost (Per Year)
$5227.00/ton 1,648 ton
592.32/ton 1139 ton
8550.00/t=n 6.5 ton
35250.00/ten 281 ton
5200.00/ten 1 ton
$2.50/1b 333 1b
$1,000.00/¢on 153 ton
$600.00/ton 254 ton
$4,000.00/ten 16 tan
31.83/1b 7,335 1b

1 of 1

Cost
($/yr)

374,100

110,000
3,600
70,200
200

200
158,000
152,400
54,000

13,500
582,700

856,200



TABLE 7.5-3

MISCELLANEOUS OPERATING CO5TS

Cemponent
Water
Sludge Disposal
Fermentation Expenses

Operating Supplies

Unit Cost
$1.25/M gal

$10/ton

Quantity

408,480 M/qgal

16,340

(Per Year)

ton

Cost (8)
510,600
163,400

54,600

120,500

829,100



TABLE 7.5-4

OPERATING LABOR SUMMARY

No. of Men/Day

Plant Operating Personnel 57
Control Room Personnel 6
Lab Personnel 10
Total 73
73 men/day at $10/hr . $1,927,200/yr
Supervision at 25% $ 481,800 /vr
Total labor $2,409,000/vr
Overheads
General (45%) $1,084,050/yr
Corporate (30%) $ 722,700/yr
Benefits (25%) $ 602,250/yr
Total labor including overheads £4,818,000/yr

1 of 1



TABLE 7.5-5

MAINTENANCE FACTOR BY PLANT SECTION

Plant Section

100

200

700

300

900

1000

1100

1200

1400

15¢0

Pretreatment

Steam Explosion

Enzyme Production

Hydrolysis

Evaporation

Fermentation

Distillation

Anaerobic Digestion

Boiler

Feedstock Handling

Cooling Water

Waste Treatment/Vent Scrubbing
Chemiczl Handling

Product Storage and Unleading

Offsites

l1of1

Maintenance Factor
(% of Capital Cost)

6

5

21/2



TABLE 7.5-6

SUMMARY OF OPERATING COSTS
BASE CASE (1)

Ethanol Cost

Contribution
Component Price (S/vyr) (¢/gal)
Raw Materials
Wood to Process 8,496,072 56.6
Sulfuriec Acid 704,900 4.7
Sodium Hydroxide . 2,886,000 15.2
Ammonia 84C, 600 6.3
Wood to Boiler 542,022 3.6
Gasoline 714,204 4.3
Process Chemicals 374,100 2.5
Offsite Chemicals 582,700 3.9
Operating Labor 4,818,000 32.1
Maintenance (Labor & Supplies) 3,660,237 24.4
Electricity 4,644,000 31.0
Insurance and Taxes 1,768,900 11.8 '
Miscellanecus 849,100 5.7
30,360,935 206.7
NOTE:

1. 15 x 10% gal/yr ethanol producticn



7.6 INVESTMENT ANALYSIS

The basis for the econcmic analysis is presented in Section 7.2. The
base-case design utilizes the pentosan (Cy4) stream to produce methane
which is burned with the lignin in a boiler to produce process stzam.
The alternative uses of the pentosan stream and the potential sale of
the lignin are discussed in Section 7.6.3. The sale of by-products is
set at the prevailing price level, where possible. Uncertainty in the
by-product price structure was eliminated by astablishing a reasonable
range of potential prices.

The analysis determined the required selling price of ethanol to meet an
assumed minimum rate of return that would be acceptable to an investor.

The minimum rate of return that would be acceptable to an investor is
dependent upon the level of risk that is perceived. Two components of
risk are apparent in this preject:

. Inability to sell the ethanol product and by=-products
- Potantial problems in cperation

The inability to sell the ethanol product and by-products is of prime
concern; while the technological problems weculd be known from the pilot
plant and operaticn of previous plants.  The risk in selling the product
is concerned with market penetration. In the context of the constant
dollar nature of this analysis and the present level of real rate of
return cbtainable on secure debt securities (approximately & parcent),
an after-tax DCFROR of 15 percent was assumed as the minimum rate of
return that an investor would expect for this project.

7.6.1 Ethanel Selling Price

The variation of the requirad ethanol selling price to satisfy varicus
DCFROR values is shown in Figure 7.6-1. The reguired ethanol selling
price for the base case (Cy; sugars and lignin to precess steam) to
achieve the desired DCFROR of 15 percent is $3.30/gal. The current
(8/15/84) posted prices of fuel grade ethanol range from $1.47/gal in
Iowa to $1.867/gal in California. It can be assumed that with
transportation costs, ethanol prices in Hawaii would be in the $§1.80-
2.00/gal range.

A comparison of the reqguired selling price and the potential selling
price indicates that better economic use of the pentose (Cg) sugar and
the lignin stream is required to interest investors in this process.
The other methods of pentose sugar utilization are compared in
Secticn 7.6.3, along with the eccnomic petential from the sala of
lignin,

The relaxation cf the requiremeant of 100-percent ecguity will also reduce
the required ethanol selling price. The use of 25 percent debt at a
real interest rate of 8 percent results in a required ethanol selling
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price of 3$3.04/gal. ~The  assumption of  debt. 'is ~ discussed " in
Secticn 7.6.4.

7.6.2 'Sensitivity Analysis

The ~change in the . required  ethanol selling price with variations in
parameters, such as capital cost, raw material prices, plant  operation
and by-product  credits - (for the ‘base case) requires a sensitivity
analysis to be performed. This analysis will -establish -a range .ef
ethanol selling prices for the DCFROR of 15 percént,

7.6.2.1 Capital Costs

" w

Figqure 7.6-2 ‘shows the —effect of a change - in capiizal cést on the
reguired ethanol 'selling price. a--varitation ih.  capital cost  of
approximately 15 percent ($22 million), changes  the reguired ethanol
selling price by 50.20/gal. The base-case eéconomics assumes the dasign
and construction of an Nth' plant, but no specific process development
allowance has been applied to the base-case capital cost. As stated in
Section 7.2, an increase- in capital. costs is anticipatad due to the

present state of development of this process.

7.6.242  Stream Factor '

The sensitivity of -ethanol salling price to the on-line availabilitv of
tha plant (stream factor) to produce the ethancl product and by-products
is shown in Figure 7.6-3.  The base cise assumes that the plant dperatas
2000 hours per year or 9l perzsant of the.available time. ' 3 reductién in
availability to Jjust 80 percent results | in. -an-inerease in reguired
ethanol selling price of $0.26/gal. This calculation demonstrates the
critical nature of the availability and operidbilizv of the plant on the
required ethanol selling prics,

7.8.2.3 Raw Materizal Costs and By-product Credits

The . sansitivities of raw. matarial prices (i.e., woed, electricity,
procass chemicals, and of base case by-product ravsnue, e.g., ‘ciarben
dioxida) can be analyzed ds direct changes in the ethanol selling prica,
Anv. change in net ravenues of $750,000 is aquivalent to $0.05/¢al changs
in  ethanol price. Table 7-6-1 gives the results of a uniz prics changs
in each of these commodities. Figures 7.6-4 to 7.5-56 show ' the ~athanol
orice sensitivity to changes in the price of wood, elazetricizy, and
carbon dioxide. OF thase, wood exhibits the largest effect.
7.8.3 Altarnative Uses of Pentosa (C;) Sugars
The - need ' to produce more revenue from the pentose sugars, in order o
reduce the raguired ethanel selling price, has led to the investigation
of potential alternatives. Fach final  product is -assecciated with a
iffsrent unknown. The unknowns: ranca ' from - the . potsntial . value
associated with furfurzl. and -methane - to the ultimiate salsability of
animal feed. The preoduct ravenues ars based on costs at the'slant sits.
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Actual selling prices would be higher than this price. The potential
products of the pentcse sugars are:

. Methane for Direct Sale

The base-case plant produces 66.9 MM Btu/hr of a methane-rich
gas (60 percent CH,, 40 percent CQ,) which is burned in the
boiler to produce steam for internal plant usage. An
alternative is to sell this methane-rich gas to an industrial
user - and import wood to fire the boiler. On the island of
Hawaii, the cost of gaseous fuel for industrial use is
$11.90/MM Btu. If it is assumed that the methane-rich gas can
be sold for $10/MM Stu to the customer ($1.9%0 1s assumed for
cleanup and transportaticn), the required ethanol revenue Iis
reduced by $0.23/gal. This high level of methane revenue Iis
only applicable to the current site. The current price of
nonregulated industrial gas in the continental U.S. is
approximately $3.50/MM Btu. This reduction of $0.23/gal in th

required ethanol selling price is not sufficient to sell the
ethanol competitively in Hawaii.

. Animal Feed

The production of a sugar-based (molasses type) £eed for
animals (e.g., cattle) is a potential alternative. The feed
would have to be tested to determine its acceptability to the
cattle, DPresently the market in Hawaii has a surplus of
molasses and the potential price is approximately $44/ton. In
the continental J.S., this low protein feed is worth less than
$80/ton. The result of selling this product and importing
additional wood is to decrease the required ethanol selling
price by $0.12/gal (in Hawaii). This alternative is not
sufficient to sell ethanol compatitively.

. Additional Ethanol

The fermentation of the recovered pentose sugars to ethanol
results in a reduction in the ethanol selling price by
$0.71/gal. The technical details of this approach are
discussed in Secticn 8. The production of " additiconal ethanol
can be readily sold with the primary ethanol product and does
not entail the complications associated with selling a second
product. This type of pentose sugar utilization weould be
preferrad if the ultimate economics weould be positive.

. Furfural Productieon

Production of acetic acid and furfural from the pentose
fraction of the wood is discussed in Section 8. The principal
question to address when considering furfural production is the
ability to sell the product. The 1982 U.S. production of
furfural was 140 millicn pounds, a single 15 MM gal/hr ethanol
plant could produce approximately 38 million pounds. It 1is

7.6-3



obvious  that

A recant

additional  markets
developed in order to justify the saleability of
report by - SERI,

for ~ this - product must be

the  product.

“The - Value of~ Furfural/Ethanol

Coproduction from Acid Hydrolysis Processes”, indicatss that at

sufficiently low

costs

additional markets
substitution in current processes and products.

The affact  of

projected
below.

Furfural Prics

of EFuriural
for ' this chemical

($0.20~50.30/1b), large
will dsavelop = fer

the combined production of furfural and acetic
acid on the required selling price of ethanol = depands
selling price of furfural.

cn. the
The sensitivity is shown

Reédueticn in Sthanol
Selling Prics

($/1b) (e/gal)
0.10 20
0.20 45
0.30 71
Approximately - 350.07/gal of the reduction is due to the sals of

the acetic acid (at $0.27/1b). i

Liguin

The sale of lignin is -dependent on the type and qualiiv of
lignin and the overall market -~ for ~this product. carrsntiy,
sodium lignate is' sold ccmmercially -as:a product of pulp
productien. The similarity of this sodium ' lignate ' to the

lignin by~product from the sodium-lignin wash in this plant is
discussed in Section 8. The potential market and price of zhis
type cof lignin is undefined.

The effect of lignin -production: and sales on the reguired
selling prige of ethancl dspends on. the projacted selling price

for the lignin.

Lignin

Salling Price

(¢/1k)

10
15
20
7.6.4 Debt Finaneing

The bass analiysis

financing
partially

case

financed by debt.

is

for the athanol plant.

The gensitivity  is'shown below:

Reduction in-gthanel
Selling Price
(¢/gal)

42

59

97

based on the assumption of total eguity

The ‘investmant the . plant  can Dbe
A reasonable: level of debt for this tvpe of

il
-y
in



facility to be financed by a long-term (20-yr) bond would be 25 percent.
The interest rate on the debt is basad on a zero inflation rate, since
the economic calculations are performed in constant 1984 dollars. The
historic real rate of return (net of inflation) on secured debt is
approximately 4 percent, although the current rate is near 8 percent.
The reduction in the required ethanol selling price for these two cases
are:

Reduction in
Equity Debt Net Interest Rate Ethanol Price

75%
75%

$0.57/gal
$0.46/gal

MR
o9 o

5 4
5 8

g% g0

7.6.5 Discussion of Results

7.6.5.1  Effects of Individual Sensitivity Parameters

The base-case . analysis, at 100-percent equity financing, requires an
ethanol price of $3.50/gal to satisfy the  assumption of a 15 percent
DCFROR. The inclusion of 25 percent debt (at 8 percent) reduces this
required price to $3.04/gal. This price is above a reasonable selling
price for fuel grade ethanol and indicates that more revenue is'required
from the pentose and lignin fraction of the wood. The effect of the
revenues, from the several pentose conversion schemes with and without
the sale of lignin, on ethanol selling price are:

Ethanol Selling Prige®!?

w/Lignin w/o Lignin
Sales Sales
‘Case (8/gal) ($/gal)
Methane 2.12 2.81
Animal Feed 2.23 2.92
Ethanol 1.90 2.43
Furfural (at $0.20/1b)(2) 1.90 2.59

NOTES :

1. With 25 percent debt at 8 percent interast, lignin sold at $0.15/1b
net to the plant.

2. Net price to the facility, including the sale of acetic acid at
$0.27/1b.

For the base-case plant configuration with the stipulated financial
assumptions, the sale of the pentose and lignin fraction of the wood at
a relatively high net price to the facility is requiresd for this
approach to be attractive to private investors.
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7.5.5.2° Combination of Sensitivity Parametsrs

The sensitivity analysis has considerad ‘the . effact of  individual
parametars on the econecmics of the plant. The quasticn arises as to the
affect of a combinaticn of parameters of the site-specific 'case of
Hawaii. Two cases are considered, a vpessimisiic scenaric and an
optimistic scenario. Since the base-case analysis has shown that more
revenue is reguired from the pentose sugars and lignin, the combinatien
of sersitivity parzmet2rs will concertrate on additional ethanol
production or, furfural production aleng with the sale of lignin. . The
optimistic scenario considers a 15 percant decrease in capital ¢osts,
the sale of carbon dicxide at $10/ton, a  decrease in wood price of
s10/dry ten, the assumption of debt, and an increase in the stream
factor to 95 percent. The pessimistic. scenario considars a eapital cost
increase of 25 percent,  an increase in the wood price of 310/dry ten,
the assumption of debt and a decrease in stream factor to 70 perceant.

The furfural case assumes-a net furfurzl price to the plant of $0.20/1b.
The' lignin is sold at a net price to. the plant at s0.15/1b. . The ranges
of required  ethanol selling price betwsen optimistic and pessimistic
scenarios for both cases of pentose conversiens with and without lignin
sale are:

Required EZthanol Salling Price

w/Lignin Sale w/o.Lignin Sale
Case (s/qgal) {s/cal)
Penitose to Ethanosl 1.52~-2.65 2.08-3.16
Pantose. to Furfural 1.42-2.90 2.14-3.56

The need %o sell the lignin bv-product . or' raduce the basa-case
preducticn costs is Zemonstrated in the optimistic  case caleulatioas.
Selling the ethanol cr the furfural (pro@ucsd from the C¢ fraction)
along with lignin results in a favorakle ethanol  selling price, . under
optimistic circumstances. The furfural case  shews . a slightly lower
ethanol selling price, but the current market for this product woculd be
met by approximately three commercial facilities of the current design
and scale. The development of an expanded furfural market as a . result
of low priced furfural is cpen to question.



TABLE 7.6-1

ETHANCL SELLING PRICE CHANGES DUE TO COMMODITY PRICE CHANGES
(Base Case - Penteose Sugars to Steam)

Equivalent
Ethanol

Price Change
Commodity Unit Price Changs (¢/gal)
Wood +$10/dry ton +15
Carben Dioxide +$13/ton -3
Electricity +1¢/kiWwh +4.5
Sodium Hydroxide +$50/ton +2.0
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FIGURE 1.6-2
ETHANOL PRICE VS. CAPITAL COST

400 F
\—BRSE CRSE
~300F
lan
4
w0
A
L;_;’ 200
o 4
Q.
.
Q
£
< 100t
r—
L
£ ] i [ i i I
© oLr’ a 100 120 1o 16O 180 200

CAPITAL COST (MM §)



FIGURE 7.6-3
ETHANOL PRICE VS, STREAM  FACTOR
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ETHANOL PRICE (2/GRAL)

FIGURE 7.6-6
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7.7 ALTERNATIVE DESIGNS

The analysis of the use of the pentose sugars and sale of lignin shows
that, under optimistic conditions, the required ethanol s2lling  price
could become competitive with ethanol selling price for both ethanol and
furfural production with lignin sale. Since the marketability of either
lignin or furfural at the suggested price is uncertain, improvements in
the base-case design were investigated for potential eccnomic
advantages. !

Two areas were investigated to determine their effect on the base-case
enzyme production and hydrolysis.

N

. Hydrolysis. reactor  vield, residence time and solids
concentration
. Enzyme activity and enzyme production residence time
In addition, six design changes on commercial equipment were

investigated to determine the economic changes:

. Elimination of evaporation

. Defribration as opposed to steam explosion
. Sodium hydroxide recovery

. Molecular sieve dehydration

N Changes in the chip acid soak

. Lignin ssparation after hydrolysis

The technical details of these alternative designs ara discussed in more
detail in Section 3, The eliminaticn of the evaporator may cause
difficulties in the fermentation process, and removing the lignin after
hydrolysis may render this product non-saleable without expensive
treatment. The other changes are conceptually benign. The effect of
the trade-off changes to the process ars shown below for the above
cases:

Reduction in Required
Ethanol Selling Price

Componant (¢/gal)
Increase in enzyme activity 18
Enzyme residence time reduction 9

Eydrolysis yield, residsnce time, and
cehcentration improvemsntis 21

Evaporaticn eliminated <3



Reduction in Requirasd

Comconent Ethanol Selling Price
Defibration substituticn | 7¢1)
Sodium hydroxide recovery 15
Elimination of chip soak 4
Molecular sieve substitution ;. 3
Lignin separation after hydrolysis 21

(1) Increase in Ethanol Selling Price

Significant improvements -in process = eéconomics via  changas in plant
design can <¢ccur by limiting the net usage of sodium hydroxzide. This is
accomplished by either sodium hydroxide recovery in the lignin recovery
before hydrolysis cr elimination of sodium hydroxide use by separation
of the lignin after hydrolysis. The sodium hydroxide recovery is
economically advantageous, since it retains the potential -for -sale  of
the lignin without additional cost. :

Potential improvements in the ‘process are "in . the arsas of enzyme
production and hydrolysis. A combination of these technologies has the
pntential of reducing the ethanol selling price by approximatesl
$0.35/gal.. EBoth of these could be considered ' rasearch goals:

The economic - advantage of  the maximum combination of thess process
improvements ($0.55/gal) still requires conversion —of tha Cy sugars
and/cr the lignin to saleable by-products.

Tven - if several of the design . alternatives could be implamented in
cocmbinaticn, the net effect would be only about $0.55/gal  reduction in
the requirsd ethanol selling price.. Conversion of the pentose sugars
and sale of lignin are still required to obtain a wviable selling prics.
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7.8 COMPARISON OF SITES

The site selected for the ethanol plant is near Hilo, Hawaii. The
background on this site selection is given in Section 3. An
investigation was conducted to identify the potential changes in the
process econcmics by siting this plant in a continental U.S. location.
The potential advantagess in moving the plant are associated with reduced
transportation costs for certain chemical raw materials. In addition,
the location of the plant in a heavily forested area with an existing
wood harvesting infrastructures may reduce fzedstock raw material costs.

The comparison site selected was Spokane, Washington. This location was
the site for a recent SERI woed gasification to methanol study performed
by Stone & Webster: Engineering Corporation and has the attributes of an
abundant wood supply and a good rail transportaticn network. The = local
data on labor rates and site conditions is available from the previous
work and allows a reasonable comparison.

Potential changes occur in both plant capital cost and operational
costs. The overall capital costs of the plant are wirtually unchanged.
Savings in overall construction labor costs and freight charges cf
aporoximately $3,000,000 are offset by the more severe climatic
conditions. The changes are well within the accuracy of the initial
estimate and no change in this area 1s anticipated, The changss 1in
operating «costs are summarized in Table 7.8-1. Lower costs  for
chemicals and electricity are partially offset by higher cperating labor
rates and lower electrical buy-back rates. The major operating
advantage is seen to be in lewer wocd costs. The potential reduction in
base case ethanol selling price is approximately $0.251/gal. This
advantage coculd be easily offset by tax advantages of one location over
another. It should be noted that $0.14/gal ethanol cf this savings is
due to lower wood costs which are already accountad for in the
optimistic casze in the sensitivity analysis.
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TABLE 7.38-1

OPERATING COST COMPARISON OF
A CHANGE IN PLANT LOCATION‘?®?

Effect on
Unit Price Cost Ethanel Selling

Component __Change Change § Price (¢/gal)
Woaod -£9/ton -2,085,714 -13.9
Sulfuric Acid -527.32/ton -208,588 «1.4
Gasoline -10¢/gal 71,403 -0.5
Labor (base rate) <+31/hr +481,800 +3.2
Electricity -.0278%/kwh -1,884,718 -12.5%

-3,768,623 -25.1

1. Hilo, Hawaii to Spckane, Washington

leofl



SECTICON. 8

TRADE-OFF STUDIES AND OPTIONS CONSIDERED

The base-case design was chosen according to the design criteria
summarized in Section 4. It is stipulatad that commercially available
processing options and equipment be used whare applicable. This
criterion was established to provide a firm basis for plant capital and
operating costs. The trade-off studies in this section examine scme of
the more promising alternative processing options to the base case which
could lower the production costs of ethanel.

The trade-cff studies and, process sensitivities were carried out
relative to the base case design. Rough material balances were
calculated and the effect on energy integration, if any, was considered
for each case, and equipment costs were obtained using appropriate
scaling factors, based on equipment type. This type of analysis is
valid within reasonable processing capacity or duty changes Irom the
base case; however, *%he uncertainty increases at large differentials.
The analysis discuss the various technical implications associated with
each processing change; however, the econcmics for each trade off do not
include any developmental or risk factors.

The results of the trade=-off studies’  indicate that the recovery of
valuable by-preducts frem the C; fraction of the wcod 1is the mest
significant way to reduce the production cost of ethanol. The
producticn of furfural (assuming a selling price of £0.20 par peund
furfural) can  potentially  reduct the ethanol selling price by
approximataly $0.45 per gallon ethancl. Alternatively, the production
of ethanol wvia Cg; fermentation c¢an potentially reduce the ethanol
selling price by about $0.71 per gallon ethanol. Each of these options
must ke looked at in more detail before definitiva conclusions can be
drawn. ther metheds to raduce the price of sthanol are also discussed
in this section. Sensitivity studies on an increase in enzyme activity
and improvements in hydrolysis efficiency indicate a potential reduction
in the selling price of ethanol of by $0.18 and $0.21, respectively.
These cases are only significant i1f the above mentioned by-product
credit is obtained:

A process design incorporating the bast trade-off alternatives was not
prepared; however, a minimum ethanol price was devaloped by cembining
the additive trade-cff differ=ntials. These economics are discussed in
Section 7. An optimal design case would require more definitive site-
specific information, developmental data, and markst research to
detarmine which combination of alternative processing options would be
mest ecencmic.

8.1 Cg; RECOVERY =~ EY-PRODUCT TRADE-CFF3

In the base-case design, the pentose sugars are recovered after steam
explosion in a counter-current water wash. The extracted pentose sugars
are sent %to an anaerobic digester to produce 2 methane rich gas for
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boiler fuel. This processing sequence was chosen £or the Ffollowing
reasons:

. Current markets for alternative uses of Cg sugars (furfural
production and animal f£sed) ars not available. in Hawaii.

. Inhibitory compounds must be reémoved befors fsrmentaiion.

. Fermentaticn of the C, sugars to ethanol is not 'a proven or
commercial technology.

. Burning the pentose sugars directly requires extensive capital
and energy expenditures for dewatering and reccvering volatile
organics. : »

Evaluation of the ‘base 'case econcmics indicates that a substantial
credit from the Cg function of = the wood is required for commercial
viability of the wocd-to-ethanol process. = Trade-cff  studies wera
performed to determine the relative merit of the  several pessible by=-
products.

Tha question of marketakility of a byv-ptoduct is one that has received a
good deal of attention from proponants of the wood-to-ethanol procsss.,
The goal of-these trade-off studies is not to cquantify the markets £or
the particular C; preduct, but to datermine the relative ‘ecsnomics  for
Cg-product production if a market exists.

Studies by SERI (The Value of Furfural/Tthancl Co-producticn Freom Acid
Hydrolysis Processes) have suggested that  furfural is . the = most
beneficial Cy product te recover, The furfural cian be produced frem the
Cs wash stream bv previding a separate furfural production reactor  and
recovery systam prior . to the anaercbic digestsars. The reactor system
can be cperated to maximize furfural production and minimize  by-=product
formation. Eighty percent of the thecretical yield of furfural from. the
Cs stream is assumed for the trade-off study.  Additicnal verificaticn
of . furfural yields irom extracted pentose sugar streams.is necsssary to
quantify the results of this trade off. -~ An additicnal —advantage of
preducing furfural from the extracted sugar stream is the possibilitv of
recovaering acetic acid as a second by-preducti:. In the base<case process
design, - the wash waters ars recycled. process effluents (evaporator
condensates and beer still bottems product); tharefore, any scstic’ acid
that is produced as a  process by-product (i.e., from hydrolvsis or
fermentation) is accumulated in the wash stream. The agetic acid is rct
degraded in the furfural reactor and can be recovered as part of the
furfural recovery system by using ‘furfural 'as @ an -extractive agent.
Commercial processes are available for this recovery. This option is
included as the primary furfural trade off  for . economic evaluation.
Definitive testing is reguired to determine the quantity of acetic acid
which could be recovered from the precessed wood hydrolysate. . Thus, the
economic evaluation can be considared as an optimistic case.

The  Cy sugars  can. also be converted "directly to alechol via
fermentation. C; fermentation is currantly in the devalecpmental stage:

g.1-2



therefore, the trade-off analysis is based on estimated capital cost and
ethanol production values. It is assumed that inhibitory compounds,
such as crganic acids, furfural, and salts, will not affect the yields
or fermentation times. Twenty-five hours of fermentation time with
75 percent of theoretical yield was assumed for the study econcmics.

The pentose sugars can be scld as an animal feed. The extracted stream
is concentrated either by evaporation or spray drying, or a cembination
of both. This type of animal feed 1is commercially produced from
defibrated wood extractives in the fiberbeoard industry.

Molasses waste is 1in abundance in Hawaii and would be in direct
competition with the pentose sugars. Thersfore, the selling price of
the extracted pentose sugars would be $44/ton maximum. The economics
for both the Hawaiian marketplace and an estimated continental U.S.
market are included.

As with any feed commedity, the pentose sugars would reguire traca
component classification, nutritional testing, and certification hefore
a market could be established. Quantity lots of this by-product would
be required for testing.

The economic incentives for those by-product options ars discussed in
Section 7.6.5, "Discussion of Results (Base Case)".

8.1~
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8.2 LIGNIN AS A BY-FRODUCT

Lignin is solubilized and removed from the main process steam in the
base case design in a counter-current alkali wash., The recovered lignin
is subseqguently burned in a boilar to produce process steam. This
processing opticn was chosen because an alternative market for lignin is
not available in Hawaii and because of the technical impacts discussed
in trade off in Sectien 8.7.

The economic evaluation of the basge case wcod-to-ethanel process
indicates that additional revenue in the form of by-product credit(s)
are necessary to attract private investors to this process. The goal of
this trade-off study is not to define a market for lignin, but to
determine the potential value of the lignin by-product, if such a market
would exist. Table 8.2-1 shows the production rate and the values of
lignosulfonates for the years 1978 to 1980. This table also shows that
the value of the lignosulfonate by-product will vary with the processing
metheod used for recovery.

It was assumed in the trade off that lignin was recovered in the same
manner as in the base-case design. Additional processing requirements,
if any, for sale of lignin were not included in the calculations. The
selling price of lignin was assumed to be $0.15/1b net to the plant.
For this analysis additional, supplemental woed was needed to replacs
the marketable lignin that was used as boiler fuel in the base-case
design. This trade off resulted in a by-product cradit c¢f $0.6%/gal
ethanel produced.

In the bas=-case design, 83 million 1b of lignin extracted with sodium
is preoduced annually. According to the U.S. International Trade
Commission (Table 8.2-1), the production of sSodium-lignosulfonates in
1980 was approximately 102 million 1lb with total sales of 99 million 1b,
indicating a potentially saturated market. Although market analysis and
surveys of lignin utilization procssses show a growth potential in the
lignosulfonate area, the potential for expansion of these markets and
other lignin markets must be investigated in greater detail before any
cenclusion can he made as to the marketability of a lignin product.
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TABLE 8.2-1

PRODUCTION AND VALUE OF LIGNOSULFONATES

1978 1979 1980
Lignosulfonates, total
Production (000s 1b) 830,000 806,134 379,959
Sales (Q00s lb) 803,000 750,3%4 880,527
{$ million) 52.000 55,780 63.761
Unit Value ($/1b) 0,06 0.07 0.07
Lionosulfonic aAcids; Salts
Calcium
Production (000s 1b) 554,000 580,131 620,890
Sales (000t 1b) 526,500 540,524 625,386
($ million) 21.000 22.095 25.316
Unit Value ($/1b) 0.04 0.04 0.04
Sodium
Production (000s 1b) 121,000 99,785 101,983
Sales (000s 1b) 121,000 87,742 99,356
(3 million) 15.000 15.938 16.543
Unit Value (s/1b) 0.12 0.17 0.17
Iron
Productien (Q00s 1b) . 2,000 2,110 1,503
Sales (000s lb) 2,000 2,110 1,755
(3 million) 0.363 0.368 G.321
Unit Value (5/1b) 0.17 0.17 0.18
Chromium
Production (000s lb) - 95,898 -
Sales (000s 1b) - 95,865 -
(s million) - 15.326 -
Unit Value ($/1b) - 0.16 -
Ammonium
Production (000s 1b) - 13,941 -
Sales (000s 1b) - 12,5864 -
(3 million) - 0.765 -
Unit Value ($/1b) - 0.06 -
all Other '
Production (C0Cs 1b) 153,600 1,289 155,193
Sales (000s 1lb) 153,000 1,289 154,030
($ million) 16.000 0.288 21.131
Unit value ($/1b) 0.11 .22 0.14

Source: U.S. International Trade Commission, Svnthetic Organic
Chemicals, Annual Report
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8.3 SopruM HYDROXIDE RECOVERY

The 1lignin extraction Section consumes 1443 1b/hr of sodium hydroxide,
which is useg to solubilize the lignin from. the water washed steam
exploded woogq. The feeq alkali is about. a3 1.2 Wt percent taustic
solution., 1p the base-gase design, the solubilizaqg lignin ig recovared
by pH adjustment with sulfyric acid. At abhoyt PH 9.0, lignin becomesg
insoluble and can be Separated by tenventional means. The disadvantage
of this S¥stem is that large quantities of Poth caustje soda and
sulfuric acig are consumed ang the 1liquig waste gtream will contain
sodium sulfate which creates a4 disposal problem,

An  alternative method for reducing the chemical ang disposal costs is
épresented in brocess flgw sketch, Figure g.3-1,

The imprcvements are;

1. Neutralize with 4 stronger alkalj solution (about g ye
Percent). rThig will permit More washwater tg pe used in the
upstream wash System, thus reducing the number of wash stages,

2. Recover the Spent alkali b recucing the py to about g with ¢co
k g P 2

available fron the fermentation section ang adding 'lime to
regenerata sodium hydroxide for recyela Lo the wash saction.

Thus:

NaOH + lignin>ya (Lignate) (1)
Na (Lignate) + ce, + HEO-BNaECO3 + NaHCO; + ' (2)
soluble lignin

2 NaHCO; + ca(om), >Caco; + Na,co,+ 2H,0 3)
N32C03 + ('.'Ei(OH);2 9CaC03 + 2 NaOH (4)

Lignin ig solubilized jpn the caustic wash with 4 NaOH~Va2COS—HEO
solution. The resultant liquor ig then acidifieg 0 a pH of about g
with waste CO; from the fermentation Section. At PH 0f 9, the CO0, forms
2 mixture of carbonate~bicarbonate while precipitating the lignin, The
lignin  jg Separated  frop the carbonate~bicarbonate liquor viga
centrifugation, Alkali losses are reduced by thorough washing of the
lignin, The 1lignip is  then used as bojler fuel, or may be sold fop
other uses ji¢ it is of 5 » active nature,

The filtrate goes to a watar Femoval step which 1s requirag 50 that the
System watap balancas jig maintained, A water imbalance is caused by the
use of wasph water, for alkali recovery in the solids Separation stages,
which contains the recoveraq alkali. Continued Fecycle of wash water .
without Furificationp would result in alkali build-up ip the wash ligquor
which woulg Preclude itg use. Aftar Concentration, the liguor ig
Feacted in 4 reactor-clarifier with slaked lime to form insoluble
calcium Carbonata. The calcium Carbonate ig Separated frop the
Causticizeq mother liquer ip 4  Vacuum filter ang then washegd or
reslurried o mimimize the alkal: loss, The regeneratag caustic
solution ig recycled to the lignin alkali wasgh Stags,
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Reaction of lime with sodium carbonate has been practiced for vears in
the pulp and paper industry, and in the heavy-alkali chemical industry.
The major difficulties in this system involve minimizing the alkali loss
in the solid separation step and obtaining high reaction ‘rates and
conversion efficiencies.

Extensive R/D work is not 'required for the caustic redeneration system.
Centrifuge wash rates, settling rates, and reaction conditions have all
been commercially  demonstrated. ' This @ information is available from
equipment, wvendors and literatures —sources. However, additicnal
demonstration would be reguired to verify the design of ‘the lignin
precipitation recovery equipment, as well as determine the solubilitv of
lignin in highly .carbonated solutions. . The cost advantage for this
system is about $0.15/gallon of ethanol. This system should be included
in any future conceptual desicn of this plant concept.
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8.4 EFFECT OF HYDROLYSIS YIELD, RESIDEMNCE TIME, AND
CONCENTRATION

The design criteria of the hydrolysis of cellulose to glucose was based
on work done at Berkeley. Data from various sources indicate that,
at cellulose concentrations above 5 wt percent, the hydrolysis residence
time would be approximately 48 hours. This reaction time is necessary
because of glucose inhibition of the enzyme complex and the buildup of
the intermediate products, cellobiose and other reducing sugars.

The base case design assumed a cellulose concentration of 7 wt percent
producing an 84 percent yield of fermentable sugars in 48 hours. This
trade-off study considered an increase in the cellulose concentration to
10 wt percent, sugar vields of 90 percent, and a residence time of
24 hours to assess the econemic incentives for pursuing R&D efforts to
achieve these design goals.

Due to the increase in fermentable sugar vield, the trade off shows a
6.4 percent decrease in the wood £f==d to the process. This wood
reduction diminishes the capital cost of the pretreatment and enzyme
production areas (sections 100-300) by about 4 percent. The hydrolysis
section's capital cost was decreased by 50 percent. This reflects the
combined effect of the increased yield, lower residence time, ‘'and the
higher cellulose concentration. The increased cellulose concentration
reduces the evaporator capital and utility costs by approximately
19 percent and 49 percent, respectively. The decrease in the evaperator
steam consumption reduces the LP steam reguirement. This LP steam
reduction, coupled with the decreased HP steam reguirement for the steam
explosion guns, reduces the boiler capital cost by 13 percent.

The reduced feedstock vrequirement lessens the amount of methane and
lignin geing to the boiler as fuel; however, supplemental wood to  the
boiler is not 1ncreased because c¢f an equivalent decrease in steam
consumpticr.

The trade off shows that if a 1lO0-percent czllulose concentration, a
g0-percent yield of fermentable sugars, and a hydrolysis residence time
of 24 hours 1is achievable, a reduction in ethanol selling nrice of

$0.21/gal could be reached.
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8.5 EFFECT QF INCREASE IN ENZYME ACTIVITY OR DECREASE IN
ENZYME FERMENTATION RESIDENCE TIME '

The base-case design assumes that enzyme requirements are met by in-
plant productien utilizing the Rut-C-30 Trichoderma organism. Thirtean
days of residence +%time are provided to produce 30 filter paper uniis
from a 15 wt percent cellulose broth. Using this criterion, base-case
capital and operating expenses for enzyme production account for $0.48
per gallon of ethanol or 13.8 percent of the reguired ethanol selling
price. This cost consists of approximataly $0.12 in capital-related
charges, with the remaining $0.36 directly attributable toc cperational
expenses (net including labor and common facilities expenses), This
cost compares to enzvme charges of about 350.05 per gallon in grain
ethanol plants.

There are various metheds to reduce enzyme produrction costs. T
include increase of enzyme activity, increase of enzyme titre, reduc
of fermentation time, higher enzvme rescovery rates (i.e., en
stability), enzyme immebilization (enzyme wviability), and en
production wusing a less costly <feedstock. Of these, increasing the
enzyme activity and reducing the fermentation time provide the best
near~term alternatives and were evaluated as trade-off studies. The
first trade off evaluates the cost effect of a two-fold increase in
enzyme activity, and the second a 50 percent reduction in fermentation
(residence) time. In both studies, the major cost impact cccurs froem a
recduction of air sparges and nutrient requirments.

The capital and utility cost reduction in the enzvme production section
(300) is 50 percent of the base-case enzyme production capital cost.
The decrease in residence time will also reduce the fermentaticn
refrigeration load and result 3in a2 capital and utility savings of
spproximately 3 percent and 22 percent, vraspectively. The increased
enzyme activity case has the added incentive of a reduction in process
feedstock. This reduction in wood feedstcck decreases both the capital
and utility costs c¢f the pretreatment sections (100 and 200) by
2.4 percent. A dascrease in ‘the process feadstock will degrease the
production of methane and the guantity of lignin used as fusl in the
boiler. 1In order to satisfy the process stezam consumpiion, sucplemsntal
wocod to the boiler is required, The nat change in terval wood feed is =
1.2 percent reduction.

=S
o

P
t
-

The ecconomic incentives for doubling enzyme aciiviiy and halving snzvme
fermentation time are $0.18 and 50.09 per galilen ethancl, respectively.
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8.6 EVAPORATION - EFFECT ON C0sTs

The evaporation system. is designed to concentrate the hydrolyzed
eucalyptus wood sugars  from 5.7 wt percent to 14.7 wt  percent
fermentable sugars, In addition to providing a concentrated sugar
stream which can be Processed in commercially available fermentation and
distillation Systems, the gvaporation systenm also serves to remove
acetic acid, furfural, ang other volatile organic fermentation
inhibitors from the fermentation faed, The recovered evaporator
condensates provide & low salt process water which can be reused as
internal plant recycle. These Processing advantages are cifset by the
higher capitsl cost and steoam reguirements for evaporation,

This trade-ofs study evaluates the econcmizs of removing the evaporation
system frem the Process,. Neither the inhibitcry effects on the
fermentation due to recycled impurities noyp the accumulation of velatila
organics in the distillation System were considerad in this evaluation,
Testing at 2 pilot level would be lecessary to demonstrate tha
operability of the fermentation and distillation units when Drecessing
wood hydrolysate streams.

Elimiration of the evaporators aifects the operation of downstrazm
equipment, The impact on the process economics requires apn evaluation
of the following:

1. Fermenter Cost, operation,  and yizld when fed a more diluta

Sugar stream,

2.  Beer still size, energy  requirements, and cperation on lew
alcohol concentration feeds,

3. The effect of substituting "Airty" recvela water (beer still
bottom) for the recycled evaporater condensates,

The capital cost of the installeqg gvaporation system, including centrol
roeom and other charges, is approximately $2.2 million. Thig amount was
eliminated fronm the base-case Costs. An additicnal cost of $75,000 is
incurred in the distillation system which involves modifications *o the
beer still and heat exXchangers., The beer still diameter increases, bus
the height remains the same, Ths reflux ratio was increased to maintain
the same number of rectifying and Stripping travs in the column. An
evaluation of closer approaches Lo minimum reflus (lower energy
requirements) at the expense of more tower trays was performed and found
to have marginal benefit, The beer sti1] overhead condenser and
Preheater sizes increase and a bear sti11 bottom cooler is added to eool
the recycle water,

Because of the increased liguig loading at the higher refiux ratio; the
beer stil] required an additional 35,000 1b/hr of 1ow Pressure stean,
This additienal steam when offger by elimination of evaporator steam
gives a net boiler steap reduction of 24,000 lb/hr, The base case L»
steam demand exactly matches the steam reguired for the eénzyme zir
compressor (R—BOIA,B) turbine driveg. With a lower LP  steam demand,
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this would no longer be true. One way of maintaining steam drives for
both air compressors at the lower LP steam demand is to = install a
condensing turbine for one unit and an extraction turbine to provide the
50 psia LP steam demand. For this case, it is estimated that the boiler
wood (fuel) requirement would drep by about 4,500 1b/hr.

The effect of " a more dilute feed on the immobilized bed fermentation
system is difficult to quantify without the benefit of pilot-scale data
on wood hydrolysates. However, it was assumed - that the result of
greater ligquid flow rates and reduczd residence time because of  lower
sugar concentrations and ethanol inhibition would vyield a constant
fermenter space velocity (cubic feet of fermentation volume per ethanol
production).  Therefore, no capital adjustment was included for change
in the fermentation system. This is obviously the most optimistic case.

The key variables to ccnsider in ethanel procuc¢tion and yeast cell
maintenance and growth are:

. Type and concentration of feedstock

. Concentration of salts

. Ethanol concentration

.- By<product concentrations h
. Temperaturs and pH

. Inhibitory components

For a  continueous  farmentation system, the reactor space velocity that
produces the maxzimum ethanol productivity is determined by the optimum
operating point. Since ethanol, CO,, and sugar cecncentrations will be
different at 15 wt percent glucose feed than at 5 wt percent glucose
feed, the rsactor space velocity probably will be different at the lower
concentration fecr the maximum ethanol productivity. . Reactor mechanical
design considerations should also be considered.: Kyowa notes in its
general litsrature that "it was rescognized that at  least two columns
must be connected in. series to obtain higher conversion owing to-the
strong turbulent effact of carbon dioxide evolved during fermentation."
In short, the effects cn fermentation capital costs in the more dilute
region must be determinsd via experimentation or: from vendor: experiance.

A most important benefit of the evaporaticn system is that it provides a
clzan condensate which can replace clean sterile process  water makeup.
Decrease in makeup water reduces total plant effluents and, thersfore,
treating costs. This is a major capital item in the plant  costs. . An
increass in treatment cost or well drilling expense was not included in
this tradeoff. In the trade off dedign, it has been assumed that. baar
still bottoms can be recycled as process makeup water. The beer still
bottoms contain many  impurities -and . the ‘effects o¢f these rscyeled
impurities (primarily high salt loadings in enzymatic hydrelysis) ceuld



be deleterious to the process. rocess effects caused bv recvcling beer
still bottoms must be established.

The plant econcmics show about a 30.06/gallon ethanol advantage when
eliminating the evaporators. It should also be recognized  that
potential cost increases in environmental treatment and water makeup, if
the beer still bottoms can not be recycled, may eliminate this savings.
The savings must be weighed against the qualitative cperating advantages
of installing evaporation equipment.
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8.7 LIGNIN REMCVAL

In the base-case design, lignin is extracted from the cellulose/lignin
complex in an alkali wash system before enzyme production or cellulose
hydrolysis (Section 5.1). This option was chosen for the bassz-case
design for the following reasons:

. The presence of lignin during hydrolysis may have an adverse
effect on the rate of hydrolysis and overall glucose vield.
The 1lignin still associated with the cellulose is expacted to
shield or block a portion of the cellulese £from enzymatic
attack.

. The higher solids concentration due to the presence of
inscluble lignin in both the enzyme fermenter vessals and  the
hydrolysis reacters may impose a constraint on vessel agitaticn
design and cause higher equipment capital and operating costs.

. The presence of lignin 1is expected to interfere with enzyme
recovery and recycle. It has been noted that lignin may act as
an absorbent for enzyme. A portion of the cellobiohvdrolase
and endoglucanase (C,Cy) enzyme would therefore be absorbed
onto the lignin solids present during hydreclysis and be remcved
with the centrifuged cake.

. An extracted 1lignin 1is considered to be more reactive. and,
therefore, a more valuable preduct.

Tha technical and operating incentives for lignin removal bLefore
hvdrolysis are counterbalanced by the high capital and operating costs
asscciated with the lignin extraction egquipment.

This trade off  evaluates the economics of removing the lignin after
enzymatic hydrolysis rather than removing the lignin prior to hydrolysis
as in the base case. Neither the impact on the rate of hydrolysis and
glucose yisld nor the effect on agitation dssign was considered in the
evaluation. It is necessary, however, that the impact of lignin
presence during cellulose hydrolysis and  enzyme  production  be
demonstrated through pilot plant testing.

Removal of lignin after hydrolysis will have an effact on enzyme
recovery. It was found that enzvme adsorbed on the lignin was lost with
lignin in the hydrolysis centrifuge cake. This loss results in a need
for 34-percent increase in the enzyme production requirements. The
increase in enzyme production increases the wood fesd to the process by
approximately 2-1/2 percent and increases the gquantity of nutrient
required for enzyme production.

The major economic effects of recovering lignin after hydrolvsis and
enzyme production ara:

. An increase in installed capital cost of the enzyme production
unit from $6.2 millicn in the base case to $57.6 million.
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. A savings of $1.6 million by removal of the alkali wash system.

. an increase in the anaercbic digestion instslled capital cost
of $0.43 million.

. A decrease in capital cost of the lignin <c¢entrifuge of
$0.43 million because  of  a reduction ~in  lignin -centrifuge
capacity -caused by the elimination of the caustic¢/wash water
requirad in the counter-current alkali wash system.

It has been 'assumed that 95 percent of ‘the soluble solids can be
recovered in the 5-stage counter-current water. wash (V-401) follewing
the hydrolysis ' centrifugs. Pilot plant testing of the counter-currant
water wash system is necessary to demonstrate the ability to racover
this  high percentage of scluble solids from the hydrolized lignin cake.
The inability to achieve this 95 percent recovery  level will  increase
'sugar losses and water rates, resulting in a significant cost impact on
the trade-off study.  Remeval-¢f lignin after ~ hvdrolysis  did increase
the wood feed to . the process, hewever, the net wood to the plant,
process . feed plus' supplemental wood - to boiler,. did = not - chancge
significantly  from  that of' the base case. This is because anasrchic
digester methane producticn incrsased to qatisfy net steam requirements.
A savings of about $0.21/gallon of ethanol produced can be ‘achieved by
removal of lignin after hydrolysis.  This savings is a result of -the
eliminaticn of sodium hydroxide used to sclubilize lignin in-the alkali
wash prier to hydrolysis. Additional pilot demonstration is reguired to
determine  the operability of  the process with lignin present in the
hydrolysis and enzyme production secticns. ~Consideration of the fact
that recovery eof the sodium hydroxide, used in removal of lignin prior
to hydrelysis, has the potential savings of ~about $0.15/gallon (see
trade off, Section 8.3) .indicates ‘that -additiconal research for this
methed shcoculd prchably not be pursued at this time.
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8.8 PRETREATMENT REQUIREMENTS

The base case design assumes that approximatzly 48 hours of residence
time for acid impregnation is required to enhance the yield effects of
steam explosion at moderate steam explesion conditions. This residence
time is based on relative data obtained by Iotech (1982) while under
contract with the Department of Energy.

This trade-off study evaluates the econcmic effect ef changing the
method of presocak. The prescak alternatives include: pressure scaking,
reduced soak residence time, and presocak elimination by acid spraving
prior to steam explosion.

The first option ‘for evaluation 1s the combined effect of pressure
presoak and reduced residence time. The trade off assumes that soak
time can be reduced by cne-half and that additional capital costs for
pressurization are not required.

Reducing the c¢ycle time from 48 to 24 hours does not mean that actual
time that the chips are in contact with sulfuric acid is reduced by one-
half, The basis of design assumes a 48-hour cycle time, of which about
34 hours 1s actual chip-acid contact time. The remaining time Is
consumed for bin £illing and unlecading. There are many schedules that
can be developed for a given timed cycle. The reguired task is to
develop a reasonable cycle that results in reasonable equipment sizes.
In develeping a reasocnable 24-hour cycle for the chip impregnation step,
the most cbvious manner to accemplish this was to reduce the number of
bins from 6 to 3, or to process the material twice as quickly. Sinca
the chip filling and liquid loading and unlcading times are the same for
poth ths 48- and 24-hour cycle, then the actual soak time would be
radueed from 34 hours to 10 hours, which is about a two-thirds
reduction. The cost effect of this cycle resducticn time lowered the
Section 100 capital cos% from $2,5CQ,00C to about $1,330,000.

Another scenario for a 24-hour impregnaticn cycle was to reduce the
number of bins frem 6 te 4 and their size from 43,000 £t3 to 33,000 f£t3.
In order to maintain a constant flow of material into and out of this
section without intermediate storage, it is necessary that the chip £iil
time equal the chip discharge time. Fixing this time at & hours results
in about 18 hours remaining for chip impregnation with acid. The cost
effact of this cycle reduction time also lowersd the Secticn 100 capital
cest from $2,500,000 to about $1,350,000.

Thus for about the same reducticn in capital cost achieved by two
different designs, it would be possible to ebtain an 80-percent higher
chip impregnation time (10 hours versus 18 hours). In the latter case,
the chip impregnation time was reduced to about 50 percent of the base-
case design (34 hours versus 18 hours). The net economic effect of chip
soak residence time reduction is $0.02/gal ethanol.

A second option for censideration is the elimination of acid prescaking

section. The presoak section is razplaced with a system for spraying
acid on the wood chips immediately before steam explosion. The trads
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off assumes that capital costs in the steam explosion section will not
increase as a result of the acid sprayving equipment. & reduction of
$§0.04/gallon is realized in this case.
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8.9 MOLECULAR SIEVE DEHYDRATICN OF ETHANOL

The base-case ethancl dehydration process uses azeotropic distillation
to convert the nominal 190-proof ethancl to  anhydrous  quality.
Molecular sieve tachnology is also available for ethanol devhydration.
This economic evaluation of vapor phase ethanol dyhydration using
molecular sieves shows that the molecular sieve process reduces the
investment and operation costs for the dehydration sectien, compared to
azeotropic distillation. an advantage of $0.03/gallon of ethanol is
possible, The advantages of using a molzcular sieve process cemparad to

3

the azeotropic distiilation include:

rr 4

. The process offsrs bettar stability and is more rasistant to
upsets

. Simple design, minimum structures and foundaticns

» Sisve performance is cuaranteed by sisve vendor to eliminate
performance risks

The wvapor phase molecular sieve dehydration simplifisd process flow

diagram is shown in Figure 8.%-1. The system ccns:s;s of an absorpticn
section and a regeneration secticn. The absorpticn section is where the
190-preoof vapors from the distillation column are ccmpressed and sent to
the molecular sieve dryers for water "removal znd anhydrous ethanol
productien. The anhydérous ethanol veapors are then condensed and stored
in the product tanks. After sieve bed water breakthreugh has occurred,
the regeneration section is used to regenerate the drysvr. This section
uses a clesed~loop system to heat the regeneration gas in order to strip
the water from the molecular sisve, then cool the regeneration gas to
condense and remove the water-ethanol purge for refractionatioen and
ethancl recovery. This recycle stream is about 2 percent of the initial
fracticnation capacity.

The actual ‘temperaturas, pressures, and flow rates ussd in the
absorption and regeneration cycles are proprietary to the sieve vendor
at this time. Th= public information available for disclosure is shown

in Figure 8.3-1. The wvapor rhase dehydration 3is eccnemically more
attractive than the liguid phase molecular sieve prccess because the
cuality of sieve required is lower, the dryer vessels ara smaller, the
temparature variations on the sisves are low2r, the pperating costis are

lower, and the investment is lower.

The economic incentive for vapor phase molecular sieve dehydratien
amounts %fo a saving of about $0.03/gallon e2thanol over the basa-case
azeotropic distillation system. The inclusion of molecular sieve
dehvdraticn would regquire a more deatailed evaluation of site-specific
sconecmics, operating advantages, and demonstrated commercial experiencs,

ID
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8.10 WOOD HANDLING - STACKER VS DUMPED PILE

Two methods of wood handling were considered for chip storage and
reclaiming for this plant. The design case is an automated ovsrhead
stacker/reclaimer system as described in Section 5.1. This system will
ensure a first-in/first-out (FIF0) c¢hip turn-over and 100 percent
rotation of the piles.

An alternative wood handling option, dumped pile, consists of a belt
pile builder, bulldozers, and a drag chain or screw reclaim convevor.
Chips are cenveyed by belt from the receiving station and distributed to
a single pile with a rotating mechanical thrower. Bulldozers operating
24 hours per day continuously compact and move chips to the reclaiming
area.

The automated FIFO chip management system used in the stacker option can
result in significant wood savings over the dumped pile opticn
considered, which cannot ensure FIFQ. Automatic chip management systems
with FIFO are especially effective in reducing pile shrinkage (i.e.,
wood losses) for large wood users (zbove 10 tph). Wood losses or pile
shrinkage in open wood chip storage piles are a result of anaerobic
bacterial degradation with the major pertion of these losses occurring
during the first 90 days of storage. Hence, a reliakhle first-in/first-
out system with 100 percent rotaticn of piles is desirable. Studies
have shown that an overhead stacker/reclaimer system can bes economically
justified based primarily on wcod savings for 800 tpd pulp mills
(approximately 90 wet ton/hr fzed rate) (Chieves 1977). In addition,
the FIFO system will minimize the potential for wecod pile fires
resulting from poor turnover. The major econemic savings using the
stacker/reclaimer are;:

. Lower manpower requiremsnts
. Lower energy requirements

The manpower and energy requirements associlabted with the stacker opticn
for this plant size are expected to be significantly lower than these
associated with the dumped pile system. A single cperator can control
the operation of the stacker system from a remcte tower, whereas the
dumped pile option will reguire two dozer operateors and a pile
building/reclaim operator for each shift.

The energy consumption of the stacker svstem is tvpically lower than
that for the dumped pile due te the high fuszl requirements of the
bulldozers. Schleger and Jepsen (1978) show this lower en=rgy
requirement in a comparison of the ensrgy costs for stzcker wvs dumped
piles with a pneumatic feed system. There should be significant ensrgy
savings associated with the stacker option considersd Zfor this size
plant.

Other advantages of the stacker cption over the dumped pile option ares:
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. Increased reliability - longer downtime is typically associated
with drag chain convevor maintsnance, pile building, and dozer

maintenance.
. Potential to blend fhe chip pile, if necessary.
N Minimal chip damage.
. Less chip contamination frem rocks, dirt; and dozer rubblas.

The stacker method of wood handling is recommended for this plant.  Wood
savings alone can justify the investment in this systam over a dumped
pile system.  'Other advantages include lower manpower ‘and energy
requirements and increased reliability. '
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8.11 WOOD SIZE REDUCTION

It 1is necessary to reduce the size of the nominal 3/4-inch wocd feed
chips = to make the cellulose in the wood more accessible to enzymes for
hydrelysis. Before the wood can be enzymatically hydrolysed to
fermentable sugars, there must be direct physical contact between ' the
cellulose fibers and the enzvme. 1In addition, it has been found that
some of the compounds found in wood and its hydroloysates can have
inhibitory effects on either the enzymatic hydrolysis of cellulose or
the fermentation of the derived sugars. Therefore, it is important that
the size reduction/pretreatment process both render the cellulose
accessible and . assist "in making the other inhibitery by-products
extractable from the cellulose.

Several  types of size *educt;on/p*etraatwent processes were considered
for this trade-off study, including grinding, milling, defibraticn, and
steam explosion.

Stone grinding is a technically wviable option for gize reduction.
However, the pulp and paper industry has found that it is energy-
{(requiring  1300-2800 kWh/BDT) and labor-intensive. Inclusion of
pretreatment eguipment would also ke required to remove by-products that
can inhibit enzyme production, hvdrolysis, or yeast fermentation. In
addition, this option would require whole log tvpe feed and completely
different wood handling storage and delivery systems. This option was
not given further cecnsideration for the reasons stated above.

Milling of wood chips is accomplished commercizlly using hammer mills.
However,. these mills can only re=duce the size of the wecoed to 30-mesh,
due to strength Jlimitations of the milling screen. The mesh size is
larger than the size material used to generate the design criteria data.
Testing of the larger particle size wood in enzyme producticn and
hydrolysis would be necessary. This option alsgo requires that the weod
chips be dried to 9-percent moisture to lower the milling electrical
power requirement (50 kWh/BDT). A preliminary estimate of the cost of
miiling has been made, assuming flue gas can be used for drying the
wood. The energy and capital costs were found to ke about $0.25/gallon
ethanol higher than those developed for steam explosicn. Due to the
increased costs and the inability of this process to meet the size ard
guality obtainable by other processes, this option was not selected.

Defibration 1is a commercially proven method of size reduction for wood
chips, in which wood fibers -are separated in a disc refiner. The

defibration is typically accompanied by steam pretreatment, and is
included in this trade-off study because it significantly reducas the
electrical pover required in the refiner (43 kWh/BDT) and also makaes the

lignin and hemicellulose meore extractable.

In the process of steaming, an autohydrolysis of the sugars takss placs,
prademinately of the hemicellulose. Wayman (19783) has reported values
in excess of &0 percent removal of the hemicellulose from wood in a
seguantial wash step using this process. He 3lso found that the
resulting washed pulp is suitable for enzyme hydrolysis. Similar
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processes have been used commercially in the pulp and  paper industry
since the 1930s and are currently being used in the manufacturs of
thermomechanical pulp (TMP).

This process with steam pratreatment requires much less energy than does
grinding or milling.  Approximately 50 percent of the steam raquired . in
the process, plus that generated by  the refiner, can be recoverad.
Preliminary estimates show a $0.07/gal ethanol cost  increase. for this
option over the steam explosion method.

The . steam explosion process uses steam to heat the wood under high
pressures to the point of structural softening. Then  the pressurs. is
released quickly, explading the wood, rendering the cellulose fibers
more accessible - to hydrolysis. = Steam explosion is being used
commercially for the production  of masonite beard.  Several similiar
steam explesion processes have been  developed for pretreating. woody
biomass before hydrolysis; the best known is the IOTECH process. The
steam explosicn process has been  studied extensivaly to  develop  the
optimum steam explosion conditions (time,; temperature, pressure) for
enzyme hydrolysis, although no commercial-scale plants are currently in
cperation.

This process ~offers several & technical advantages ‘over other = size
reduction processes. Experimental hydrolysis data clearly indicata that
cellulose is made ‘more accessible to enzyme- hydrolysis than untreated
ground wood. The lignin is rendered scluble in a dilute. alkali wash for
recovery. A high percentage of  the hemicellulose is rendered water
soluble. The energy requirements ‘are  lower - than = that required for
milling and grinding, and about the same as the defibration option.

Steam  explosion was selected  as  the method best suited for size
reduction prior to enzymatic hydrolysis. This cption offars  the most
favorable economics and can result' in the highast hydrolysis and
fermentation yields by rendering the cellulose accessible and the other
fractions of the wood extractable.
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CTION 9

ASSESSHMENT OF ENZYME HYDROLYSIS PROCESS

9.1 INTRCDUCTION

This study evaluated the economic feasibility of producing ethanol wia
the enzyme hydrolysis of wood for the site specific case of Hawaii.
SWEC based its integrated process design around unit operations that are
in the bench-scale stage of develcpment (e.g., enzymatic hydrolvsis and
enzyme production), and pilot-scale stage of development (e.g., steam
explosion). The remaining process operations used cemmercial type
equipment in which the precise operability (if unknown) was assumed to
be optimistic, even though the exact ccmposition of some of the process
streams was not kneown to the degree required for a design constructien.
The major technical and mechanical uncertainties, discussed in
Section 9.1, must be resolved by testing to confirm the base case
design.

The economics o©f this process reguire significant revenue from the
pentose (Cg) stream (either furfural or ethanel) and lignin stream to
gain investor support. The initial objective of any Ifuture work is to

3
quantify the potential markets and prices for these by-precducts. This
step can determine if continued effort on the other technical parameters
is justified., The R&D consists of both market definition and potential
technical advances. 3 *technical R&D program sheuld be built cn a firm
economic basis.



9.2 TECHNICAL AND MECHANICAL UNCERTAINTIES

The base-case cost estimate was derived from eguipment and vendor design
specificaticns. These specifications wera based on stream bpropertiss

flow  charactaristics, mixiang preperties, and separation criteria,
assuming that the steam explicdad wood and hvdrclysate slurries would
have characteristics similar to those found in commercial pulp and
paper, food procassing, or grain-based ethancl facilities. Even these
propertizs are cften detsrmined empirically. More specific information
en thermal conductivity, solubility, viscosity, and other Zundamsntal
oropartias  of sglurries, as well as operaticnal data, is necessary to
formulate a detailed design for construction or a definitive cost
estimate.

Selids handling is an area whers additicnal information is reguired o
firm up the engineering design basis. The enzyme hydrolys;s clant
inclucdes numerous Delt and screw convevers and hich solid/liquid ratio
pumps. 1In addition, thers are areas where gravity discharge of nigh
solids sclutions from tanks, f£lash wvessels, and transfer chutes is
assumed. Furthermore, many of these streams could require sterile or
septic service. Be* er characterizaticn of these weod and hvdrolvsate
streams by collzction and correlation of pilot- and bench-scale data, as

e

coll
well as determination of sterility requirements, is required., The
pentose sugar recovery, lignin wash, &and hvdrolysis enzyme recavery
units utilize solids separaticns eguipment (centrifuges, belt filters,
cyclcne, etg). The separation parameters assumed in the baze casze
affect the recoverv efficiency, wash rates, and ultimately dounstream
processing sguipment. These separation parameters nust be vwverified on
vendor equioment so that dafinitive design pavamsters may ke obtained.

[

'U

The plant matsrials o
existing data. The choi
dependent on the or
sulfur compounds, chic
acids, etc). The e
accurate accounting of
criteria.

construcktion have been selected, based on
ce of materials of construction iz cf

compenents found in the process streams (i.e.,
s, oczygen levels, carpon dioxide, corganic
tive selecticn of materials would require more
se species aleng with apprepriate  temperature

reacter vclume basis than wculd be appl*ec in bench scale apparatus.
Pilot- or bench-scales testing at these operating conditions is requirad

to determine the effsct of process scale-up.

cr
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9.3 PROCESS UNCERTAINTIES

The majer process uncertainty in the enzyme hydrolysis process is the
applicability of eucalyptus wood to  enzyme  production, enzyme
hvdrelvsis, and subsequent f2rmentation of the gluccse te ethanol. The
process has been desicned to reduce, as much as posszible, the effect of
the inhibitory compounds found in eucalyptus. This is the primary
reason for the inclusion of the water and caustic washes (lignin
removal) and evaporater systems. Conclusive testing of sucalyptus
fesdstocks is necessary to determine the design plant vields and effscts
of inhibitory components. The base-case design assumes a specific
eucalyptus woed composition (see basis of design, Secticn 4). This
composition is typical of Eucalyptus globulus. As with any wcod
feedstock, variatiens in chemical compositicn between species and tree
stands will appear. Selective sampling and analytical testing to
determine feedstock variability and its effect on plant design criteria
and cperation are required.

The anaercbic digestion and the waste treatment sections grsatl
influence the overall plant eccncmics. 2an increase in the conversio
efficiency in the anaerobic digester would lower the production cost aof
ethanol. an in-depth study of plant effiuents frem a pilot unit would
help quantify the effluent treating costs and effect on plant operation.

ja JRA



9.4 AREAS REQUIRING TESTING

As mentioned in the Intrcduction (Section 9.1), the enzyme hydrolysis
process is in the bench/pilot scale stage of development.  Areas
requiring testing can be divided into three sections: arsas where vendor
equipment requires demonstration for final design and vendor guarantee;
areas where integrated pilot plant operability and reliabilitv are
necessary; and areas which require verification of laboratery data and
scale-up parameters, The latter two items should be obtained from a
pilot-scale unit which would then have a dual function of:

1. Providing material for vendor testing
2. Providing data for commercial plant design
The following is a list of vendor testing requirements:

Equipment Test

1. Impregnation Discharge Determine a viable method of soaked chip
System discharge that will ©prevent soclids
bridging

i

Determine the extraction efficiency and
wash rates required for the recovery of
pentose sugars and lignin

2. Water/Alkali Wash System

3. Centrifugs - - Determine the efficiency and operability
0of solid bowl centrifuges using
hydrolysate slurries and extracted lignin
streams.

4, Stirred Reactor Vessels - Determine the mixing and air sparging
requirements for enzyme producticn and
hydrolysis reactors with and without
lignin extraction

5. Evdrolysis Counter- - Determine the recovery of scluble solids
Current Water Wash from a hydrolvzed stream containing
lignin.
6. Fermentation - Detsrmine the fermentability of the

hydrolysate (ratss and efficiency) at
varying sugar concentrations and the
effect of recycled water impurities

7. Araerobic Digestion - Determine the digestibility of the
pentecse/waste streams, including rates
and efficiency at varving solids loading.



The following is a list of data necessary for future work:

Data Description

1. Feadstcck Charactaristics - Detarmine  the cemponsit
S

ion, ilit
and processing properties of  eucalyptus

weod.
2. Slurry Properties - Determine the f£low charactaristics and
physical properties (e.g., . viscosity,

thermal conductivity, heat capacity) of a
range of slurry concsntrations.

3. Corrosion and'Erosion ' - Determine the ¢orrosivity and erosivity of
Data the pretreated wood, acidic slurries; and
hydrostate streams. This data ~will be
used o detarmine  both . contaminztion
and material selec*ion,

4, Scale-up Data - Determine the important scale-up
parameters and collect data to aid. in
scale-up of the hydrolysis and enzyme
producticn sectiens.

3. Inhibiting Specias znd -~ Determine  the 'lewvel of toxicity of the

Lavels impurities to tvpes of fermentaticn yeast
and waste treatment microbes. Determine
the effects of recycled watsr impuritiss
on enzyme preoduction and hydrolysis.

6. Separation Parametars - Determine  the | specific gravities and
setting velocities for various
concentrations of hycrolvsate and steam-
exploded wcod slurry.

7. Neutralizaticn Require= = Detarmine  the ~level of natural base and
ments organic acid in.  the hydrolvsate and the
amount and residence  time necessary for

sufficient neutralization.



9.5 RECOMMENDATIONS FOR FUTURE RESEARCH AND DEVELOPMENT

The enzyme hvdrolysis process ‘design is in the bench and pilot-scale
stage of development. The economics of this study show that significant
revenue from the pentose and lignin by-products is necessary to make
this process economically wviable. Future research and develecpment
should be directed to the markets and values of both pentose and lignin.
A suitable feedstock that will minimize cost and inhibitery compeounds
and maximize total revenue should be defined, 1f possible. The
justification of future technical improvements depends on  the
verification of a firm economic basis.

The high degree of interaction among the various prccess improvement
options makes it difficult to prioritize research and development reeds.
The viability of these options is derived from a combination of economic
and technical assumptions (see trade offs, Section 8). The enzvme
hydrolysis research and development needs are given in a relative order
of importance in Table 9.5-1.

Feedstock Research

The suitability of any feedstock for the enzymatic hvdrelysis plant is
dependent on cost, availability, and the gquantity of potential by-
products that must be sold. The portion of the overall operaticnal
costs assoclated with eucalyptus costs 1s $0.5866/gal. Substitution cf
alternative feedstocks must nct only be locked at considering
potentially lower costs, but also by the amcunt of pentose and lignin
bv-products that must be sold to achieve positive eccnomic results. In
addition, the amount of total fesedstock available must be compared with
the required producticen of products to justify the research and
development effort that must be expended.

The econcmics of wood as a feedstock for the production of ethansl
should be compared to the economics of other potential lignocellulose
feedstocks, such as bagasse, MSW, pulp and paper wastes, corn stovear,
etc. The composition of various feedstocks should be determined to
identify existing inhibitery compounds and impact on waste dispesal.
The price of the feedstock will reflect 1ts availability and market
demand, as well as its harvesting method and handling charges. an
economically attractive feedstock may be one that is  currently
considered as a waste stream from an existing process. An example would
be the fines or particulate sludge from a pulp and paper mill. This
waste stream has been collected and delignified within the paper mill
process. Utilization of this material as a fzedstock has the potantial
to eliminate the pretreatment sections rom the base-case design
(Sections 100 and 200).

By-product Markets

The eccnomics of the base-case design and trade-off studizs indicate
that a better understanding and definition of the by-product markets is
neaded. The necessity of increasing +total revenue via pentose and
lignin by-product sale was discussed in Section 7. The uncertaintias of
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the  by-product values, saleability, and market 'size require the
development of market data to define and/er establish by-product
markets.

Technical Improvements

Once the feedstock and product market data have been clearly defined and
the potential process, including projections of the wvirtues of technical
improvements, are determined to be economically viable, then ressarch
and developed on these improvements should be considered. Areas of the
base-case design requiring testing were outlined and discussed in
Section 9.4, in addition to the need for vendor or pilot plant
verification of equipment operability and relisbility.

Research and development on potential process improvements are raquired
for additional economic improvement in the base-case design. The areas
identified in which potential improvements in the plant econémics can be
achieved are in increasing the efficiency of hvdrolysis, increasing
enzyme activity, and decreasing enzyme fermentation residence “ime.

The recovery of sodium hydroxide will give a $0.15/gal reduction in the
ethanol selling price. This alternate method reduces both chemical and
disposal costs and shculd be included in any future design. Tha
potential reduction in the reaquired ethanol selling price  for these
individual research goals is secondary 'in importance to by-product
sales, but the combined effect does enhanca the attractivensss of the
process.
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TAELE 9.5-1 .

RESEARCH AND DEVELOPMENT PRIORITIES

Feedstock Research (what, how much, when, and marikat)
By-preduct Value
A. Markets (current and potential)
B. Technical Feasibility
1. Ethanol from the C, fraction
2. Furfural and acstic acid from the C. fraction

3. Lignin derivations

Technical Improvements for +the Enzyme Hvdrolysis TProcsss to be
Proven Feasible

3. Sodium Hydroxide Recovery
B. Hydrslysis vield, Residence  Time, and  Conceniraticn
Improvements

C. Increase in Enzyme Activity

D. Enzyme Residence Time Reduc:tion
Less Viable Technical Improvements
A. Lignin Removal after Hydrolvsis
B. Tlimination of Evaporator

C. Elimination of Chip Soak



9.6 CONCLUSIONS

In conclusion, the economic analysis of this study shows that
significant revenue from pentose and lignin by-prcducts must be cbtained
to allew this process to approach econcmic viability when viewed under
the economic assumptions. Research is required to determine the most
economical feedstock for producing ethanol that maximizes total revenue
(products and by-products) and minimizes inhibitory compounds. Banch-
scale data assumed in the base-case design must be verified under
industrial-scale cperating conditions to justify the base case.

The recovery of sodium hydroxide used to solubilize the lignin fraction
of the steam exploded wood should be incorporated into  future designs.
Technical research and development in the areas of enzyme producticn and
hydrolysis should be started after establishing the existence of
by-product markets and the potential to achieve a competitive selling
price for the production of ethanol frem wocd.

5.6-1



APPENDIX A

VENDOR LIST

The following is a list of vendors used in this study:
Aeroglide Corp., Raleigh, NC
ALFA-LAVAL Inc., Ft. Lee, NJ
Alpine American Corp., Natick, MA
Bacardi Corp., San Juan,.PR
Bepex Corp., Minneapolis, MN
Bioengineering Association Inc., Newton, MA
Bird Machine Co., So. Walpols, MA
Carrier Corp., Syracuse, NY
Chishalm Cerp., Cranston, RI
Dorr-0liver Inc., Stamford, CT
Economics Laboratory Inc., Klenzade: St. Paul, NN
General Electric Co., Fitchburg, MA
IFE Systems Inc., Mahwah, NJ
Ingersoll-Rand Co., Implo Division, Nashua, NH
Joy Manufacturing, Denver Equipment Co., Englewood, CO
Kamyr, Inc., Glens Falls, NY
Kyowa Hakko Kogyo Co. Ltd., Tokyo, Japan
LSL Biclafitte Inc., Princeton, NJ
M.A. Olson Co, Inc., Topsfield, MA
Martin Engineering Co., Neponset, IL
Masonite Corp., Laurel, MI
Miles Laboratories, Clifton, NJ

Miller-Hofft, Richmoend, VA
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Modo~Chemetics, Vancouver, BC, Canada

New Brunswick Scientific Co., Edison, NJ
Niro Atemizer Inc., Columbia, MD

Nove Labortories Ine., Wilton, CT

Pennwalt Corp., Shaples Division, No. White Flains, NY
Rader Companiss Inc., Portland, OR

Retal Inc., Atlanta, QA

Rosenblad Corp., Princesten, NJ

Solids Circulation Systems Inc., Boston, MA
Sunds Defribator, Inc., Minneapolis, MN
Tuthill Corp., Chicago, IL

United Technologies Elliot, Jeanette, PA

US Filter Corp., Chicagoe, IL

Williams Crusher Co., St. Louis, MO

Zimpro Inc., Rothschild, WI
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TASLE C-1

EQUIPMENT LIST

Item
No. Service

Section 100 - Pretreatment

M-101A-F Impregnation Vessels

M-102 Sulfuric Acid Storage Tank

P-101a-F Acid Recyvcle Pumps

P-102a-F Sulfuric Acid Metering Pump
V-105a-X Rir Cannons

W-101 Inclined Conveyor Feader

W-102 Pretreatment Feed Conveyor

W-103A4,B Impregnaticn Vessel Feed Convevor
W=-104A-F Impregnation Vessel Screw Discharge
W-105a-F Impregnation Product Screw Ceonveyor
W-106 Central Product Belt Convevyor

Sectien 200 - Steam Expleosion/Wash

M-201 MP Flash Vessel

M-202 Vacuum Flash Vessel

M-203A-D Steam Explosion Feed Bins
P-201288 Anaercbic Digester Fead Pump
P-202A&B Lignin Centrifuge Feed Pump
F-2033&8 Water/Alkali Wash Feed Pump
P-204A&8 Water Wash Recycle Pump

R-201 Vacuum Pump

T-201 Vacuum Flash Condenser

V-201 Countevr-Current Water/3lkali Wash
V=-203a-D Steam Explosion Guns

W-201 Vibrating Rotary Feeder

W-202 Washer Screw Conveyor

W-203 Washed Cellulecse Lift Convevsr

Section 300 - Enzyme Produciicn

G-301a-F Fermenter Agitators
G-302 Primary Seed Vessel 3gitator
G-303 Seed Culture Vessel Agitator

I

Comments

ocperating,
operating,
operating,
operating,

N e

spare
spare
spara
spare



P-301A,B
P-302a,3
P-303A,B
P-304
P-305
P-308
pP-309

TABLE C-1 (Cont)

Service Comments
Enzyme Fermenter #1

Enzyme Fermenter #2

Enzyme Fermenter #3

Ammonium Hydroxzide Storage Tank

Nutrient Storage Tank

Primary Seed Fermenter

Sead Culture Vessel

Fermenter No. 1 Recycle Pump
Fermenter No. 2 Recycle Pump
Fermenter No. 3 Product Pump
Enzyme Seed Pump

Seed Culture Pump

Ammenia Pump

CSL Pump

Air Compressor . '
Fermenter Mo. 1 Recycle Cooler

Fermenter No. 2 Recvcle Cooler

Air Spargs Cooler

Alr Compressor Intarcooler

Air Cartridge Filter
Clezan In Place System

Enzyme Fermenter Feed Convsver

Section 400 - Hvdrolysis

L-401%,B
L-40231,3
L-403A,B
L-404a,8
L-405A,38

L-408a,3

M-401%,3
M-£02
401A&B
40

‘.D_
P-

3A,B&C

Hydrolvsis Reactor Agitators
Enzvme Recovery Tank aAgitators
Hydrolysis Recycle Cantrifugs
Hydrolysis Centrifuge

Hydrolysis Reactors
Hydrolysis Reactors
Byvdrolysis Reactors
Hydrolysis Reactors
Hydrolysis Reactors
Hyvdrelyvsis Reactors

Enzvme Recovery Tanks
Sulfuric Acid Storage Tank

Enzyme Recovery Fump 1 cperat
Evaporater Feed Pump 2 operating,

¢
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P-4043 ,B&C
P-40543,B
P-4072,B

T-401
v-401

W-401
W-4024,B
W-403
W-404
W=-405

Service

- TABLE C-1 (Cont)

Hydrolysis Recycle Pump
Sulfuric acid Metering Pump
Hydrelysate Pumps

Hydrolysis Dilutiecn Cooler

Counter-Current Wash

Bydrolysis and Enzyme Fsed Convayor

Hydrolysis Reactor Feed Convevor
Water Wash Feed Convavor
Washer Screw Discharge
Lignin Transfar Conveyor

Section 500 - Evaporation

=501
M~-502
M~-303
M-504
M-505
¥-506

e B e LS By ¢
i | [l
Lot I & B av I o B

1

g oGy
1 1
o dn o pnounanounoLn

OO oo
OO0~ 0 N

)
¥

T-209a-F

Evaporator

Disengagement
Disengagement
Disengagement
Disengagament
Disengagement

Evaporator
Evaporator
Evaporator
Evaporator
Evaporator
Evaporator
Evaporator
Evaperator
Evaporator

Evaporator

vaporator
Evaporator
Evaporator
Evaporator
Evaperator

Feed Drum

Drum No.
Drum No.
Drum No.
Drum No.
Drum No.

Feed Pump

Circulation
Circulatign
Circulation
Circulation
Circulation

(LR ~ A U AN B

2ump
Pump
Pump
Pump
Pump

No.
No.
No.
No.
Mo,

Cendensate Pump No.
Condensate Pump No.
Cendensate Pump No.

Vacuum Pump

Surface Con
Chest No. 1
Chest No, 2
Chest No. 3
Chest No. 4
Chest No. §
Feed Heater

Sectien 600 - Fermentation

G-501
G-602

Mix Tank Agitatoer
Immobilized Bead Tank Shower

—

=

censear

of 10"
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Ccmments

2 cperating, 1 spare



L-601A-C
L-802a-C

P-5044,B&C
P-80354-C&D

R-501
R-502

0\0\0‘\0\
[ TURN R

0
0
0
0

HHHH

TABLE C-1- (Cont)

Sarvice

lst Stage Bead Recovery Cyclone
2nd Stage Bead Recovery Cyclone

lst Stage Immobilized Bed Fermeriter
2nd Stage Immobilized Bed Fermenter

Yeast Hydration/Alginate Mix Tank
Immobilized Béad Production Tank
lst Stage Vapor/Liguid Separator
2nd Stage Vapor/Liquid Separator

Mix Tank Feed Pump

Immobilized Bead Tank Feed Pump
Beer Still Feed Pump

Refrigerated Water Circulation Pump
2nd Stage Fermenter Feed Pump

Air Comprassor
Refrigerant Ccompressor

Fermenter Feed Cooler
Refrigeration Lcop Cooler
Refrigerant Condenser
Farmenter Feed Chiller

Section 700 - Distillation

A-701
A-702
3-703

M=701
M-702
M=-703
M-704
M-705
M-7C6
M-707
1-708

Beer Still
Anhydrous Column
Recovery Column

Beer Still Reflux Drum
Anhydrous System Decanter
Fusel 0il Decanter

Anhydrous Column Hold Tank
Beer Still fead Tank
Degasser Drum

Anhydrous Column Recycles Drum
Anhydrous Column Reflux Drum
Recovery Column R=2flux Drum
Entrainer Storage Tank

Fusel 0il Steorage Tank

Beer Still Reflux Pump
Arnhvdrous Column Reflux Pump
Recovery Column Reflux: Pump

Beer Still Reboilsr Circulation Zump

4 ¢f 10
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aperating,
operating,
cparating,
operating,
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Item
No.

P-705A&B
P-707A&B
P-7082&B
P~709
P-712
P-713A&B
P-715
P-~716
P-721A&B

P-724
P-725A&B

T-701
T-702
T-703
T-704
T-705
T-706
T-708
T-709
T-711
T-712
T-713
T-715
T-717
T-719
T-724

T-7286
T=-727

Service

T

ABLE C-1 (Cont)

Comments

Ethanel Product Pump
Anhydrous Column reed Pump
Backstillage Pump

Anhydrous Column Rerun Pump
Entrainer Makeup Pump
Rzacovery Column Bottoms Pump
Anhydrous Column Recycle Pump
Beer Still Pump.
Anhydrous Column Reboiler
Condensate Pump
Fusel 0il Product Pump
Recovery Column

Beer Still Feed
Beer Still Trim
Recovery Coclumn
Ethanol Product
Evaporator Feed

Beer Still Sottoms

Feed FPump

Preheater
Condenser
Overhead Condencer
Cooler

Preheater

Cooler

Beer Still Reboiler
Recovery Column Reboiler
Decanter Feed Cooler

Fusel Cil
Anhydreous
Anhydrous
Anhydrous
Anhydrous
Anhydrous
Condenser

Cooler
Column
Column
Column
Column
Column

Purge Cooler

Overhesad Cendanser
Hold Tank Feed Cooler
Reboiler

Hold Tank Vent

Beer Still Vent Condenser
Degasser Drum Vent Condenser

Section 800 - Anaerobic Digestion

G-801
L-801
M-801A&B
M-802
M-803
P-801
p-802
P-803

R-801

Flare Stack

Anaerobic Digester

Digester Feed Hold Tank
Nutrient Storage Tank
Gas Storage Sphere

Digester Feed Pump
Nutrient Feed Pump
Digested Sludge Pump

Methane-Rich Gas Compressor

5 of 10
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operating,
operating,
operating,
operating,

cperating,

cperating,

operating,
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spare
spare
spare
spare
spare
spare
spare



Item
No.

T-801

TABLE C-1 (Cont)

Service

Digester Feed Cooler

Section 900 - Boilar

8501

G-%901
G~902
G-203
G-S04

?-901
P-202

Q=301
0-202
0-904

R=201
R-202

T-901
T-902
T-203

W-301
W=-302
W-903
W=-204
W-905

Section 1000

G-1001
G-1002
G-1003
G=-1004
G~1005
G-~1006
G~1007
G-1008
G-1009

G-1010A.3

G~1011
G~1012
G-1013

Boiler

Multiclone
Baghouse

Stack

Lignin Centrifuge

Fuel 0il Unloading Pump
Fuel 0il Pump

Lignin Day Bin
Ash Silo
No. 2 Fuel 0il Storage Tank

L

Primary Air Fan
Induced Draft Fan

Primary Econcmizer
Superheater
Air Preheater

Soiler Screw Fesder

Ash Silo Feed Conveyor

Lignin Day Bin Screw Feeder
Boiler Wood Chip Conveyor
Boiler Wood Chip Screw Feader

- Wood Handling

Truck Scale

Front End Loadsr
Truck-Trailer Dumper

Truck Receiving Yard Pit
Scalping Screen

Primary Magnetic Separator
Secondary Magnetic Separator
Stone Trap '
Oversized Wood Chipper
Three-Deck Chip Screens

Belt Conveyor Scale

Chip Storage Silo

Vibrating Screen

6 0f 10

Comments



Item
No.

Q-1001
0-1002

W-1001
W-1002
W=-1003
W-1004
W-10053,8
W-10086
W-10072a,8
W-1008
W-1009
W-1010
W-1011
W-1012
W=1013

Section 1100
D=t L iV0

G-1101
G-1102a-¢

P-1101a,B&C
V-1101

V-1102
V-1103

Section 1200
==V 4200

A-1201
A-1202

G-1201
G-1202
G-1203
G-1204A,8&¢C
G-1205A,B&C
G-1206
G-1207
G-1209
G-1210
G-1211
G-1212a-H
G-1213
G-1214
G-1215

TABLE C-1 (cont)

Service
Tt rece

Truck Receiving Hopper
Surge Bin

Unloading Bin Drag Chain
Scalping Screen Feed Drag Chain
Double Wing Belt Stackar
Stacker Feeq Conveyor
Traveling Scraper/Reclaimer
Storage Pjile Transfer Conveyor
Reclaimer Belt Conveyor

Wood Chip Elevating Convevor
Fines Transfer Conveyor

Large Chip Transfer Conveyor
Medium Chip Transfer Conveyor

Cleaned Wood Chip Transfer Conveyor

Boiler Fuel Transfer Conveyor
= Cooling Water

Cooling Tower
Induced Draft Fans

Cooling Water Circulating Pumpe

Inhibitor Feegd System
Acid Feed System
Chlorination System

~ Wasta Treatment/Vent Scrubbing

CO, Wash Column
Vent System Scrubber

O0il/Water Separator
Primary Clarifiar

Sludge Thickener

Belt Filter Press
Trickling Filter

Secondary Clarifiay

Final Clarifier
Neutralization Tank Acitator
Primary Clarifier Rake
Secondary Clarifier Rake
Aeration Basin Agitator
Final Clarifier Raka
Sludge Thickener Raka
Polymer Feeq Tank Agitator

7 of 10
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Cperating, 1 spare
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°Perating 1 spare



G-12186

G-12173,B&C

M=1201
M-1202
M-1203
M-1204 .
M-1205
M-12086
M-1207
M-1208
11-1209
1M-1210
M-1211
M-1212
M-1213
M-1214

F=1201A&B
P-1202A&B
P-12033&B
P~12043&B8
P=1205a&8
P-1206

P-1207A&B
P-1208a&3

P-1209A,B&C

P-1210A&B
2-1211a4&8
P-121234B
P-1213A&B
P-1214A4&B8
P-1215A&B
P=-1218A&B
P-121734&3
P-1218

P-1219

P-12202&B

P-12214,3&C

R-1201
R-1202

W-1201

TABLE C-1 (Cont)

Sarvice

Sludge Mixing Tank Agitator
Trickling Filter Fans

Settling Basin

Sulfuric Acid Storage
Scdium Hvdroxide Storage
Ammonium Hvdroxide Storags
Phosphoric Acid Storage
Equalization Basin
Neutralization Tank
Polymer Storage Tank
Polymer Feed Tank

Sludge Mixzing Tank
Filtrate Collection Tank
Distribution Sump
Aeration Basin

Discharge Monitoring Sump

Settling Basin Efflusnt Pump
Separator Watzr Pump

Sulfuric Acid Metering Pump
Sodium Hydroxide Metearing Pump
Primary Clarifier Sludge Zump
Polymer Transfer Pump

Polvmer Feed Pump

Filtrate Transfer Pump
Trickling Filter Fead Pump
Secondary Clarifier Sludgs Pump
Final Clarifier Sludge Pump
Meutralizaticn Fesd Pump
Neutralized E£fluant Pump
Ammonium Hydroxide Metasring Pump
Phosophoric 2cid Metering Pump
Clean Water Discharge Pump

Belt Filter Washwater Pump

CO, Wash Column Pump

Vent Scrubber Pump

Sludge Thickener Underflow Fump
Sludge Transfer Pump

CO, Wash Column Blower
Vent Scrubber Blower

Thickened Sludge Cenvevor

Chlorination System

Comments

2 operating, 1 spara
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operating;
operating,
operating,
cperating;
operating,

operating,
operating,
operaiing,
operating,
cperating,

operating,

operating,
operating;
operating,
ocperating,
opérating,

owerating,
operating,
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spare
spara
spare
spare
spare

spare
spare
spars
spate
spars
spars
spars
spare
sgare
spars
spare

spare
spara



TABLE C-1 (Cont)

Item
No. Service Comments

Section 1300 - Chemical Handling

M-1301 Sodium Hydroxide Storage Tank
M~-1302 Sulfuric Acid Storage Tank
P-1301 Sodium Hydroxide Feed Pump
P-1302 Sulfuric Acid Feed Pump

Section 1400 - Product Storage and Unloading

G~-14013,B Alcohel Truck Leading Statieon

P-14013,B Alcohol Loading Pump

P-1402 Gasoline Unloading Pump

P-1403 Gasoline Metering Pump

0-1401 Denatured Alcohol Storage Tank
Q-1402 Gasoline Storage Tank

Secticn 1500 - Water Treatment/Condensate Return

M-1501 Caustic Storage Tank

M-1502 Hydrochloric Acid Storage Tank
M-1503A,B . Cation Vessels

M-1504a,8 Anion Vessels

M-1505A,B Mixed Bed Vessels

M=~15086 Demineralized Water Tank
M=-1507 Deaerator

P-1501 Caustic Pump

P-1502 Hydrochloric Acid Pump
P-1503 Deaerator Feed Pump

P=-1504 Boiler Feedwatesr Pump

Section 1600 - Instrument Air/Fire Protaction

G-1601 Halon Fire Extinguishing Svstem

G-1602 Foam System

M-1601 Instrument Air Receilver

M=1602 Instrument/Service Air Receiver

F-1801 Hotor-Driven Fire Pump

r-1602 Jockey Fire Pump

P-1603 Diesel-Driven Fire Pump

P-1604A&B Diesel Fuel 0il Pumps 1 operating,

§ of 10



TABLE C-1 (Cont)

Ttem

No. Service Comments
Q-1601 Fire Protection Water Storage

Q-1602 Hydropneumatic Tank

0=-1603 Diesel Fuel 0il Tank

R-1601 Instrument air Compressor

R-1602 Service Air Compressor

V-16033,B  Air Prefilters
V~1604A,8 Air Afterfiltars
V-16074,3 Air Dryers



Item
No.

Section 100
V-1054A-X%

Section 200

V-201t
V-203A-D
Section 300

G-30Q1A-F
G-302
G-303

V-301A,B
V-302

Section 400

G-401A-L
G-4024A .8
G-403A.B
G-404

L-4014 .8
L-402A B
L-403A.B
L~-4C4A.B
L-4054.B
L-406A,8

V-401 .

Sarvice

- Pretreatment

Al Cannons

- Steam Explesion/Wash

Counter Current Water/Alkali Wash
Steam Explesion Guns

- Enzyme Production

Ferﬁenter Agltators

Primary Seed Vessel Agltator

Seed Culture Vessel Agltator

Alr Cartridge Filter
Clean {n Place System

- Hydrolysis

llydrolysis Reactor Agitators
Enzyme Recovery Tank Agitators
Hydrolysis Recyclie Centrifuge
Hydrolysis Centrifuge

Hydrolysis Reactors
Itydratysis Reactors
ilydrolysis Reactors
Hydrolysts Reactors
Hydrolysis Reactors
Hydrolysis Reactors

Counter-Current Wash

- Fermentatlon

Mix Tank Agltator

Immebilized Bead Tank Shower
1st Stage Bead Recavery Cyclone
2nd Stage Bead Recovery Cyclong

Ist Stage Immobitized Bed Fermenter

TABLE C-2

SEZED EQUIPMENT LIST

General Equipment Summary

Rated tip

_feach)

150

150G

{1¢]

15C

100
125
500
350

300

i of
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Size

{each}

B40 ft*

26" dia

24" dia

35,400
35, 400
35,400
35,400
35,400
35,400

ftr
ftr
Ft
fFL
fer
Fer

Comments

- Vendor

Vendor

Vendor

Vendor
Vendor
Vencdaor

Vendor
Vendar

Vandor
Vendar
Vendor
Vendar

Vendor

Vendor
Vendor
Vendor
Vendor

Vendor

Package

Package

Package

Package
Package
Package

Package
Packags

Package
Package
Package
Package

Package

Package
Pachkage
Package
Packaga

Package



Item
Ho.

L-602A-C
Section BOO
L-80t

G-001
Section 900
B-904

G-301

G-802

G-903
G-904

Servica

2nd Siage Immobilized Bed Fermenter

- Anaarcbic Digestion
Anaerobic Dlgester
Flare Stack

- Boller

Botler

Multiclons

Baghouse

Stack
Lightn Centrifuge

Section 1000 - Wood Feading

G-100t
G- 1002
G-1003
G-1004
G- 1005
G- 1006
G- 1007
G- 1008
G~ 1009
G-1010A .8
G-101t
G-1012
G-31013

Truck Scale

Front End Loader
Truck-Tratler Dumper

Truck Recelving Yard Pit
Scalpling Screen

Primary Magnetic Separator
Secondary Magnetic Separator
Stone Trap '
Ovarsized Wood Chipper
Three-bDeck Chip. Screens
Belt Conveyor Scale

Chip Storage Silo

Vibrating Screen

Section 1100 - Cooling Water

G-1101
G-11024-G

V-1101
V-1102
V-1103

Cooling Tower
Induced NDraft: Fans

Inhibitor Feed System
Acld Feed System
Chlorinattaon System

TABLE c-2 (Cont)

General Eguipment Summary

Rated Ilp Size
{each) (each)
300
80 ton
3 yd?
50 ton

t 5/8 1n. screen
24 in. wide
24 in. wide

24 in.. wide
60
14,400 ft*
24 in. wide
25 9,600 Ft?
13,000 gpm
60
2.5
2.5

2 aof 17

Comments

Vendor Package

Vendaor Package

Vendor Package

Vendar Packags

Vendor Package
Vendor Package

Vendor Package

Vendor Package

w/Screw Reciaimer
Vendor Pachkage

Vendor Package

Vendor Package
Vendor Package
Vendor Packaga



Item
No.

Service

Section 1200 - Waste Treatment/Vent Scrubbing

G-1201
G-12302
G-1203
G-1204A,B&C
G-1205A,B8C
G-1206
G-1207
G~-1209
G-1210
G-1211%
G-1212A-H
G-1213
G-1214
G-1215
G-121¢6
G~1217A ,B&C

0il/Waler Separator
Primary Clarifler

Sludge Thickener

Belt Filter Press
Tricklitng Filter

Secondary Clarifier

Final Clarifier
Mautralization Tank Agitator
Primary Clarifier Rake
Secondary Clarifier Rake
Aeratlon Basin Agitator
Finat Clarifler Rake
Sludge Thickenar Rake
Palymer Feed Tank Agltator
Sludge Mixing Tank Agitator
Trickling Filter Fans

Section 1400 - Product Storage and Unicading

G-1401A.B

Alcohel Truck Loadlng Station

Section 1600 - Instrument Air/Fire Protoction

G-1601
G-1602

V-1603A.B
V-16044A,8B
V-1G607A,8

ltalon Flire Extinguishing System
Foam System

Alr Prefilters
Alr Afterfilters
Alr Oryers

TABLE €-2 (Cont)

General Equipment Summary

Rated
(eac

]
—~ . DOQO00

Hp

)

[}

W

(L8]
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Size

(each}

327 dia
TC' dia

15' dia x 26"

33° dia
33’ dla

5,000 gal

Comments

Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor

Vendur

Vendor
Vendor

Package
Packagse
Package
Package
Package
Package
Package
Package
Package
Paclkagea
Package
Package
Package
Package
Packaga
Package

Paclage

Package
Package

Dessicant



Ilem
Na.

Saection 100

P-101A-F
P-102A-F

Section 200
P-201A88
P-202A88
P-203A88
P-204A88
Section 300
P-301A,B
P-302A.B
P-303A.B
P-304

P-305

P-3068
P-309

‘Section 400
P-4 1ARB
P-401A,B4C
P-404A BSC
P~405A.8
P-407A .8
Section S00

P-501
P-502

P-503

Servic

- Praetreatment

Acid Recycle Pumps
Sul furilc Acid Metering Pump

~ Steam Exploslon/Wash

Anaerobic Digestar Feed
Pump
Lignin Centrifugse Fesd Pump

Water Alkali Wash Feed
Pump
Water Wash Recycle Pump

-. Enzyme Production

Fermenter No. ? Recycle Pump
Fermenter Na. 2 Recycla Pump
Farmenter No. 3 Product
Pump

Enzyma Seed Pump

Seed Culture Pump

Ammonia. Pump

CSL Pump

- Hydrolysis

Enzyma Raecovery Pump
Evaporator. Feed. Punp
Hydreolysis Recycle Puup
Sulfuric Acid Metering Pump
Ilydrolysate. Pumps

- Evaporation

Evaporator fFeed Pump

" Evaporator Circulation

Punp No. 1§

" Evaporator Clrculation

Liquid

IlHandled

Ditute Acid
H:SOs

1L 0

Lignin
Slurry
10% Solids

1.8

Thick Slurry
Thick Slurry
Thick Sturry

Slurry
Sturry

NIl /H: O
Corn Steep
L iquoe

Sugar
Solution
Sugar
Solutian
Thick Siurry
He S0

Sugar
Salution

Slurry
Slurry

Slurry

TABLE C-2 (Cont)

Pump Summary

Primpy
Type

Cent
Metaring

Cent
Cant
Cent

Cent

Cent
Cant
Cent

cent
Cent

Metering
Cant

Cant
Cant
Cant

Matering
Ceant

Cent
Cent

Cent

4 af 17

Capaclty
(each)
18

1,250

340

Tag9

510

310
400
400

60

5-8
15

330
500
170

0-5
1,250

Ap
(psi1)

70
25

3a
a5
25

25

28
28
85

25
25

0
25
25

25
28

Oriver
Type

Motor
Motor

Motor
Mofcr
Hotor

Motor

Motor
Motar
Maotor

Mator
Motor

Motor
Motor

Motor
Motor
Mator

Maotaor
Maotor

Motor
Motor

Motor

Ratad
hp
(each) Material
75 SS
0.5 CS
15 CS
7.5 CS
15 SS.
tO cSs
10 CSs
10 [+1.1
{0 CS
3 CS
0.5 cS
0.5 CS
0.5 cs
10 CcS
15 CS
|+ CS
0.5 CS
an CS
58~
SS
5SS

Comments

Vandor Package
Vendor Package

Vandor Packaga



P-905
P-506
P-507
P-5048

P-509

Section 600

P-601
P-602

P-603
P-604A,B4C
P-60SA-C3D

Section 700

P-T01A&B
P-TG2A%8
P-T03A&B
P-704A&B
P-TOLA8RH

P-T0TAEB

P-70BASB

Service

Pump MNo. 2
Evaporator Circutation
Pump No. 3
Evaporator Circulation
Pump No. 4
Evaporator Circulation
Pump Mo. &
Evaporator Condensate
Pump No. 1
Evaporator Condensate
Pump HNo. 2
Evaporator Condensate
Pump No. J

- Fermentation

Mix Tank Feed Pump
Immobll1ized Bead Tank
Feed Pump

Bear Still Feed Pump
Rafrigerated Water
Circulation Pumg
2nd Stage Fermenter
Fead Pump

~ DOistlltation

Beer Stil11 Reflux Pump
Anhydrous Column Reflux
Pump

Recavery Column Reflux
Pump

Beer Stiil Reboller
Clrculation Pump

Ethanot! Product Pump

Anhydrous Column Feed Pump

Backstiltlage Pump

TABLE C-2 (Cont)

Pump Summary
Capacity Rated

Liquid Pump {each) ap Driver hp
Handled Type {gpm} {pst) Type {each) Material Comments
Slurry Cent Mator 5SS Vendor Package
Slurry - Cent Motor S5 Vendor Package
Siurry Cent Motor 3S Vendaor Package
H:0 Cent Motar 58, Vendor Package
.0 Cent Motor 5S Vendor Package
2.0 Cent Motor S5 Vendor Package
iteQ Cent Motor Vendor Pachkage
i1:0 Cent Motor Vendor Package
H:D/ETOH Cent 313 5 Mator 1Q cs
Hz O Cant 713 T Motor 4 cS Vendor Package
8roth Cent Motor Vendor Packags
ETOM/H. O/ Cent 160 53 Motaor 7.5 CS
Glucose/
Organic Aclds
ETQHL/ Cent 200 56 Motor ic CS
Cyclohexane/
H.0/MEOH
ETOH/ cent 60 46 Motor a cs
Cyclohexane/ .
H:0/MEQL
ETOM/H.:0/ Cent 300 6 Motor 1.5 cs
Glucose/
Organle Acids
ETOH/H: Cent 410 24 Motor 1.8 (1923 -
ETOH/11,0/ Cent 85 56 Motor 5 cs
MEDIT
H:83/Sol ids Cent 390 le] Motar 10 cs
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Item
No.

P-T709

P-7T12
P-T713A4B

P-715

P-716
P-721A88

P-724
P-725A88

Section 800

P-801
P-802

P-803

Section 900

P-90¢t

P-902

Service

Anhydrous. Column Rerun Pump

Entrainer Makeup Punp

Recovery Column Bottoms
Punp

Anhydrous Column Recycle
PLinp

Beer- Sti111 Feed Pump
Anhydrous Column Reboilar
Condensate Punp

Fusel 011 Product Pump
Racovery: Column. Fead Pump

~_ Anasrobic Digestion

Digester Feed Pump
Nutrient Feed Pump

Digested Sludga Pump
- Boller
Fuel 011 Unloading

Pump
Fuel 011 Fump

Section i100 - Cooling MWater

P-1101A ,B&C

Cooling Water Circulating
Pumps

Liquid
Handled

ETOH/H.0/
MEOII
Cyclohexana
Dirty HeD

ETOU/HaD/
MEOH/
Cyclohaxane
H:O/ETOH/
Solids
Oirty HaD

Fuset Qtls
ETONI/
Cyclohexane/
H:0/MEOII

H.0/sugar

Nutrient
Solution

Sludge

Fual 0}

Fual 011

H: 0

section 1200 - Waste: Ireatment/Vent Scrubbing

P- 1201488

P-1202A88
P-1203A88B

P-1204A88

Settling Basin Effluent
Pump

Separalor Waler Pump
Sulfuric Acid Metering
Pump

Sodtunm Hlydroxide Matering
Pump

.0

H: 0
Hi504/
thG
NaOH/H: 0

TABLE C-2 (Cont)

Pump Summary

Pump
Type

Cent

Cent
Cant

Cent

Cent
Cent

Cont
Cent

Cent
Ceant

Cant

Cent

Cant

Cent

Cent

Cent
Mataring

Metering

& af 17

Capacity
(each}

(gpm)
10

2
3
45

370

25

a7

200

45

6,500

Ap
{psi)

56

20
as

61

o8
89

25
53

24

30

23

49

Driver

Hotor

Motor
Motor

Motor

Motaor
Motor

Motor
Motor

Motor

Motor

Mator

Motor

Motor

Mator
Motor

Ratect

hp
Type ~ (each) Material Comments

0.5 CcsS
0.5 cS
0.5 CcS
3 cS.

20 cs
1.5 CcS
0.5 &S
1.5 Ccs

10 Ccs
0.5 SS Vandor Package
10 Cs Vendor Package
7.5 cs
2 CS

2850 cs
3 CS Vaertical Shaft
3 cS Vertical! Shaft
1 CcS
i Ccs

Motor



TABLE C-2 (Cont)

Punp Summary

v

Capacity Rated
Item Liquid Pump (each) ap Drtver hp
No. Service Handled Type {gpm} (psi) Typg (each} Materijal Comments
P-1205A88 Primary Clarifier Sludgs Sludge Cent Motor g CS
i Pump .

P-1206 Polymar Transfer Pump Polymer Cent Motor t CcS
P-1207A88 Polymer Feed Pump Polymer Cent Motor 1 CS
P-1208A388 Filtrate Transfer Pump H:O Cent Motor 5 CsS
P~1209A,B8C Trickling Filter Feed Pump H:0 Cent HMotor 70 CS
P-121CA&B Secondary Clarifier Sludge Studge Cent Motor 5 CS

Pump "
P-1211A8B Final Clarifier Sludgse Pump Sludge Cent Motor 5 CcS
P-1212A88 Neutralization Feed Pump H Cent Motor 2 CS Vartical Shaft
P-1213A88B Neutralized Effluent Pump H:0 Cent Motor 3 CS Vertical Shaft
P-1214A88 Ammonium Hydroxide Metering NH.0H/ Metering Mator i CS

Pump H:0O
P-12154A88 Phasophoric Actd Metering HaPOu/f Matertng Motor 1 Ccs

Pump H:O
P-1216A&B Clean Water Discharge Pump HaO Cant Motor 25 CcSs Vertical Shaft
P-1217A48 Belt Filter Washwater Pump HiO Cent Motor 3 CS Vertical Shaft
P-1218 Cd: Wash Column Pump ETOH/CO: Cent 1.7 g Motor 3.7% C3
P-1219 Vant Scrubber Pump ETOI/M.0/ Cent 1.5 g Mator g.5 CcS

) MEOH

P-1220A88 Sludge Thickener Underflow Sludge Poslitive Motor 3 CcS

Pumpy Displacement
P-1221{A .B&C Sludge Transfer Pump Sludge Positive Motar 2 CS

Displacement

Section #1300 - Chemical Handling
P-1301 Sodium Hydroxide Feed Pump NaDH/H.:0 Cent 5 62 Mator 1 CS
F-1302 Sulfuric Acid Feed Punp 14: S04 Cent 2 78 Mator 0.5 CS
Section 1400 - Product Storage and Handling :
P-1401A.B Denatured Alcohol Loading ETOH/ Cant 250 385 Motor i5S Ccs

,Pump Gasolineg
P~1402 Gasoline Unloading Pump Gasol ine Cent 200G a3 Motor 10 cs
P-1403 Gasolina Metsring Pump Gasoline Metering . 2 30 Mo tor 0.5 Cs
Section 1500 - Water Treatment/Condensate Return
P-15CGt Caustic Pump NaOl/ila 0 Cent Motor 0.5 Vendor Package
P-1502 Hydrochiloric Acid Pumg HC1/H.:0 Cent Motor 0.5 Vendor Package
P-1503 Deaerator Feed Pump - H:0 Cent 135 34 Motor 5 CS
P£-1504 Boiler Feedwater Pump H:0 Cent 28¢ 761 Motor 250 CS

T of- A7



TABLE C-2 (Cont}

Pump_Summary

‘ - Capaclty Rated

I1tem Ligquid Pump {each) AP Driver hp
Mo ; Sarvice itandled Typa _{gpm) {psi) Type ({each} Material Comments
Section 1600 - Instrument Air/Fire Protection
P-1601 Hotor-Driven Fire Pump HeQ Cent 2,500 125 Mator 300 CS Normally OfF
P-1602 Jockey Flra Pump H.0 Cent 300 25 Motor 10 CS
P-1603 Diesel-Drivan Fire Pump H: 0 Cant 2,500 120 Diesel CS Normally OFF
P-1604A88 Diesetl Fuel 011 Pumps Dissel Fuel. Cant 100 40 Moior 5 cs . Normally OFfFf
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Item
No .

Section 200

R-201

Section 300

R-3G1A.8

Saction 500
R-5C1
Section GOO

R-601{
R-602

Section BOO

R-801

Section 8GO

R-901
R-802

Service
Steam Exploston/Wash

Vacuum Pump

Enzyme Production

Alr Comprassor

Evaporatton
Evaporator Vacuum Pump
Fermentation

Air Camprassor
Refrigarant Compressor

Anaerocbic Digestian

Methane-Rich Gas
Comprassor

Botler

Primary Alr Fan
Induced Draft Fan

TABLE C-2 (Cont})

Compressor/Blower summary

Section 1200 - Waste Treatment/Vent Scrubbing

R-1201
R-1202

CQ: Wash Column Blower
Veant Scrubber Blower

Section 1600 - Instrument Air/Fire Protection

R-1601
R-1602

Instrument Alr Compressaor

Service Air Compressor

Capacity

(ACFM Rated
Vapor Suction} Equipment Driver Hp»
Handled (each) Type Type {each} Material Camments
Vacuum B Rotary Motor 1 CS 5 psta Vacuum
Flash
Vapor
Ar 16,000 Rotary Steam 2277 cS

. Turbine

Mixture Rotary Motor CS Vendor Package
Alr Rotary Motor 10 CS Vendor Package
Refrigerant Rotary Motor 1233 Ccs Vendor Package
Cha/CO: Rotary Motor 175 (431 Vendor Package
Alr Ratary Motor 1410 CcS Vendor Packaga
Alr Rotary Motaor 1410 CS Vendor Package
ca. 1771 Rotary Mator 1850 Ccs
Mixture 117 Rotary Motor 15 CS
Alr 600 Rotary Motaor 125 Cs
Alr 800 Rotary Motor 125 Cs

9 of 17



TABILE C-2 (Cont)

Conveyor Summary

Rated
Oriva
Ttem 501 ids Equlpment Size Length Hp
No . Service Handted Type {in.) _{ft) {each) Material Comments
Section 100 - Pretreatment
]
W-101 Inctinaed Conveyor Feedar Wood Chips Belt 24 ' 138 3 CS Enclosed
W-102 Pretreatment Fead Conveyor Wood Chips Balt 24 7 3 CcS Enclosed
W-103A.,B Impregnation Vessal Feed Wood Chips Belt 24 70 5 CS - Enclosed
- Convayor -
W-104A-F Impregnation Vessel Scraw Wood Chips Screw 8 10 S0 SS t0 Parallel
Discharge Screws
W-105A-F Impregnation Product Screw Wood Chips Screw 24 24 ic 585
Conveyoar
W-106 Centrat Product Belt Wood Chips Belt 18 325 12.5 SS . Enclosed
Convayor ‘
Section 200 - Steam Explostion/Wash
W-201 Vibrating Rotary Feedar Wood Chips 10 5 SS
w-202 Washer S5creuw Conveyor Exploded Wood Screw i6 26 7.5 S Enclosed
W-200 Washaed Callulose LIFt Exploded Wood Bett i8 317 12.5 ss Enclosead
Convayor
Sectign 300 - Enzyme Production
H-302 Enzyme Feruwenter Feed Exploded Wood Orag Chain 13 160 30 CS Enclosed Loop
Conveyor Conveyonr
Section 400 ~ hHydrolysls
W-401 Hydrotysis and Enzywe Feed Exploded Woad Orag Chain 13 240 4G CS Enclosed
Conveyor .
W-4024.8 Mydrolysits Reactar Fead Explodad Wood Drag Chatn 13 280 S0 Cc5 Enclosad
Conveyor B
W-403 Water Wash Feed Caonveyor Exploded Wood Screw 12 20 3 SS
W-404 Washer Screw Discharge Expladed Wood Screw 12 20 3 SS
W-408 Ligntn Transfer Conveyor Exploded. Wood Belt 8 52 4 CS Enclosad
Ssction 900 - Baller
W-g01 Boller Screw Feadar Lignin/ Screw i4 10 3 CS
Exploded
Wood -
W-902 Asly Silo Feed Convevar Ash Scraw 9 20 1.5 CS
W-803 Lignin Day 81in Screw Feesder Lignin " . Screw 12 16 t cs
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Item
No .,

w-904

W-905

Servica

Boller Wood Chip
Convayor

Boiter Wood Chip
Screw Feeder

Section 1000 - Wood fFeeding

W-1001
W-1002

W-1003
W-1004
W~1005A B
W-1006

W-1007A.8
W-1008

W- 1009
W- 1010

W-1011
W-1012

wW-1013

Unloading Bin Drag Chain
Scalping Screen Feed Drag
Chain

Double Wing Belt Stacker
Stacker Feed Conveyor
Traveling Scraper/Reclalimer
Storage Ptile Transfer
Conveyar

Raeclaimer Belt Conveyor
Wood Chip Elevating
Conveyor

Finas Transfer Conveyar

Large Chip Transfer
Conveyar
Medium Chip Transfer
Conveyor

Cleaned Wood Chip
Transfer Conveyor
Bollaer Fual Transfer

Convevyor

Solids

Wood

Wood

Wood
Wood
Woad
Wood
Wood
Wood

Wood
Wood

Wood
Wood

Wood
Wood

Wood

Section 1200 ~ Wasta Treatment/vVent Scrubhb ing

W- 1201

Thickened Sludge Conveyor

Handled

Chips

Chips

Chips
Chips

Chips
Chips
Chips
Chips

Chips
Chips

Chips
Chips

Chips
Chips

Chips

Wet Sludgao

TABLE C-2 (Cont)

Convayar_ Summary

Equipment
~1ype

Belt

Screw

Drag Chain
Orag Chaln

Belt
Belt
Bett
Ralt

felt
Belt

Balt
Belt

Balk
Belt

Belt

Belt
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Rated
Drive
Size Length Hp
{in.] (Ft) {each) Material
;] 280 25 cS
12 10 1 CS
24 70 75 CcS
24 BG 75 cs
36 50 20 (949
a6 550 40 CS
80 t30 cS
24 250 25 Ccs
24 550 30 cs
24 250 25 cs
18 a0 b cs
i8 30 2 Cs
24 ao 3 CS
24 230 25 CS
18 250 20 cs
2 cs

Comments

Enclosed

Traveling

45" Angtle

Vendar Package



Item
Na, Service

Section_ 100 - Pretfeatment
M-10tA-F Impregnat lon Vessals
M- 102 Sulfurlec Acid Storage Tank

Section 200 - Steam Explosion/wWash

M-201 MP Flash Vessal
M-202 Vacuum - Flash Vaesee!l
M-203 A-D Steam Explosion Feed Bins

Sectlon 300 - Enzyme Production

M-30tA.8 Enzyme Farmenter Na. 1§
M-302A.0 - Enzyma Fermenter No. 2
M-302A.8 Enzyme Fermenter No. 3
M-304 Ammonium Hydroxide Storage
Tank
M-3095 Nutrlient Storage Tank
M-306 Primary Seed Fermenter
M-307 Seed Culture Vessal
Sectlon 400 - lHydrolysis
M-401A.,8B Enzyme Recovery Tanks
M-402 Sulfuric Acid Storage Tank

Section S04 - Evaporation

M-501 Evaporator Feed Dirum

M-502Z Disengagement Drum No. 1
M-503 Oisengagement Drum No. 2
M~-504 Disengagement Drum No. 3
M-505 Disengagement Drum No. 4
H-506 Disengagement Drum MNo. §

TABLE C-2 {Coni)

Drum_ Summary.

Diamater Height
{Ft) (ft})
a5 48
3.5 iq
12'6* 29
10 10
9 14,
i 60
18 60
i8 60
8.5 ags
15 15
4 8
1 2
40 88
3.5 14

12 of

tlortz/
Vert

< <o

H

Lol i~

17

{Cane}

Material

CS/FRP
Lining
cS

SS

5S

CS/Epoxy
Lining

CS/Epoxy
Lining

- CS/Epoxy

Lining
CS/Epoxy
Lining

cS

CsS
30455
30458S

CS/Epoxy
Lining
cs

Comments

Live Bottom 8in

Tapers to 2' Dlameter

Vendor
Vendor

Vendor
Vendar
Vendaor
Vendor
Vendar
Vendor

Package
Package

Package
Packags
Package
Package
Paclkage
Package



Item Diamater
No. Service _{FL}
Section 600 - Fermentation
M-60t Yeast Hydratton/Alginate
Mix Tank -
M-602 Immobilized Bead Production
Tank
M-603A-C 1st Stage Vapor/Liguid
Separator
M-604A-C 2nd Stage Vapor/Liquid
Separatar

Section 700 - Distillation

M-701 Bear Sti1) Reflux Drum 5

M-702 Anhydrous System Decanter 12.

M-703 Fusel 011 Decanter 3

M-704 Anbwydrous Column tHald Tank 20

M-705 Beer Stil) Feed Tank 9

M-706 Degasser Orum 1.

M-707 Anhydrous Column Recycle 3.
Drum

M-708 Anhydraus Column Raflux 4
Drum '

M-709 Recovery Column Reflux Drum 3

M-710 Entrainer Storage Tank 4

M-713 Fusel 0{1 Storage Tank 3

Section 800 - Anaerobic Digastion

M-801 Digester Feed Hold Tank

M-802 Nutrient Storage Tank

M-803 Gas Storage Sphere a0,

Section 1200 -~ Waste Treatment/Vent Scrubbing

M-1201 Settiing Basin

M-1202 Sulfuric Acid Storage &

M~-1203 Sodium Hydroxide Storage 6

M-1204 Ammonium Hydroxide Storage &

M-1205 Phosphoric Actid Starage 6

M-120G6 Equalization Basin

M-1207 Heutraltization Tank

M-1208 Polymar Starage Tank

TABLE C-2 (Cont)

Comments

Brum Summary
Helight . Hortz/
rty Vert Material
10 H cs
18 v cs
] v CS
23 v cs
it Vv cs
4 vV CS
7 v [of
12 H Cs
g9 H CS
& Il cs
q It Cs
Spherical cs
H Concrete
25 i cs
25 1 cs
25 H Cs
25 1 CS
1 Concreate
it Ccs
v
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Vendor Packags
Vendor Package

Vendor Package

Vendor Package

Vandor Package
Vandar Package
100 psig

Wark ing Pressure

76,200 ft? Basin

10,000 Ft?! Basin
400 rt?
Vendor Packags



TABLE C-2 {(Cont)

Brum_Summary

1 tam Diameter Haight Horiz/

_Mo. Service (£t} (Ft) Vert Material Commenls

M-1209 Polymer Feed Tank v Vendor Package
M~1210 Sludga Mixing Tani v Vendor Package
M-1211 Filtrate Collection Tank H Vendor Pachage
M-1212 Distribution Sump H Concrate 8,000 ft? Basln
M-1213 Aeration Basin H - Concrete 64,000 ft? Basin
M-1214 Discharga Monitoring Sump H Concrete 2,000 ft* Basin

.

Sectlon 1300 - Chemical Handling

M-130¢ Sodium llydroxlda Storage 25 30 H CS
Tank
M-1302 Sulfuric Acid Slorage Tank 20 24 H cS

Sectian 1500 - Water Treatment/Condansate. Return

M-150t Caustic Storags Tank [+ 25 11 CcS

M- 1502 Hydrochloric Acid Storage _

' Tanl S 25 H Ccs

M-1503A .8 Cation Vessels Vendor Package
H-15044A.B Anton Vessals Vendor Package
M- 15054 .8 Mixed Bed Vassels Vendor Package
M- 1506 Demineral ized Water Tank Vendor Package
M~ 1507 Deaerator Vendor Package

Section 1600 - Instrument Airf/Fire Protection

M- 160+t Instrument Alr Recaiver 3.5 10 ] cs
M-1602 Instrumant/Service Alir 3.5 10 v cs
Racelver
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Item
No,

Section 200

T-201

Section 300

T-301A.8
T-302A.B
T-303A.B
T-304A,B

Section 400
T-401
Section 500

T-501A,8°
T-502
T-503
T-504
T~-505
T-506
T-509A-F ;-

Secttion: 600
T-601

T-602
T-603
1-604

section ‘700

T-701
T-702
T-703
T-704
T-705
T-706
T-708
T-709

Service
- Steam Explaston/Wash

Vacuum Flash Condenser

- Eniyme Productton

Fermenter No. 1 Recycle Cooler
Fermenter No. 2 Recycle Cooler
Air Sparge Coolar

Air Compressor Intercooler

- Hydrolysis
Hydralysis Dilution Cooler
- Evaporation

Evaporator Surface Condenser
Evaporator Chest No. 1
Evaporator Chest No. 2
Evaporator Chest No. 3
Evaporator Chest HNo. 4
Evaporator Chest No. §
Evaporator Feed Heater

- Fermentation
Fermenter Feed Coolaer

Refrigeratton Loop Cooler
Refrigarant Condanser
Fermenter Feed Chiller

- Dist{llation

Beer Sti1]l Feed Preheatar

Beer Still Trim Condenser
Recovery Column Overhead Copdenser
Ethanol Product Cooler

Evaporator Feed Preheater

Beer Stil) Bottoms Cooler

Beer Sti1l11 Reboiler

_Recovery Column Reboiler

TABLE C-2 {Cont}-

Heat Exchanger Summary

Fluid
Shell/Tube

H:0/H.0 (vapor)

Hi0/Fermenter Oroth
H:0/Fernenter Broth

Air/H:D
Air/lt:0

H: G/ O

H:Q/H: O

Steam/Siurry
Steam/Slurry
Steam/Slurry
Steam/Slurry
Steam/Slurry
Steam/Slurry

th0/H:0-sugar-
sallids

H:0/H.0-sugar-
s0lids

ETOH-H:0/11:0
ETOM-H:0/H:0
Entrainer/i:0
ETOH/H O
H:0/ETON-H: O
H:D/ETOH-H: 0
Steam/ETOH-H. O
Steanm/I1.0
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Area

(Ft7)

2220

600
400
1250

1000

6500

30865

416

1520
870
815
520

2700

3350
600
335

Matertat

Shelt/Tube

CS/sS

©S/s5S
CS/5S
Cs/Cs

SS/SS

30455/30455
30455/30455
30455/3045S
30455/3045%
30455/3045S
30455/30455S
30455/304SS

cs/Cs

cs/cs

cs/cs
cs/CS
cs/Cs
cs/cs
cs/cs
cs/cs
C5/CS
cs/cs

Camments

Knockback
Condenser

Ptate and Frame
Plate-and Frams

Vendor Package

Vendor Package
Vendor Package
Vendor Package
Vendor Packaga
Vendor Package
Vendor Package

Two Shells

Vandor Package
Vendor Package



Ttem
Mo, - -

T-71i1
T-712
T-713
T-715
T-717

T-7T19
T-724

T-726
1-727

Section BOG
T-001 :
Section_ 800
T-901

T-902
T-903

Service

Decantar Feed Cooler

Fusal 041
Anhydrous
Anhydrous
Anhydrous
Cooler
Anhydrous
Anhydrous
Condenser

Cooler
Calumn
Column
Calumn

Column
Column

Purge Coalar
Overhead Condenser
liold Tank Faed

Reboiler
Hold Tank Vent

Ueer S5till Vent Condanser
Degassear: Drum. Vent Condenser

~ Anaerobic Digestion

Digester Feed Coolar

- Boiler

Primary Economizer

Suparheate

“Alr Prehea

r
ter

TABLE C-2 {Cont}

ltaat Exchanger Summary

Fluid

Shell/Tube

Entrainer/t:0
H:0/H.0
Entrainer/th
Steam-ETOH/HLD
ETOH/Ha0

Steam/ETOH
COr-ETAH/LO

CO:-ETOH/4.0
CO:-ETOH/H O

M:0/Broth

Flue Gas/ll:0-Steam
Flue Gas/Steam
Flue Gas/Air
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Materiat

Shelt/Tuba

cs/cs
CS/CS
cs/cs
€s/cs
cs/cs

Cs/CS
csS/CS

Cs/Ccs
cs/cs

Commants

Vendor Package

Vendor Package
Vendor Package
Vendor Package



Tank Summary
ltemn Material
No, Sorvica Stored
Sectlon 900 - Boiler
Q-901 Lignin Day Din Wet Sollds
G-902 Ash Sito Ash
Q-904 Mo. 2 Fuot Ol Starage Tank Ho. 2 Fual 01

Sectlon 1000 - Wood Feeding

4-1ao01
qQ-1002

Truck Recelving llopper
Surge Bin

Saction #00 - Product Storage and Unioading

Denatured Alcohol Storage Tank
Gasolline Storage Tank

Q-140¢
Q-1402

Sactlon 1600 ~ inscrument Afr/Fire Protection

Q-1601 IFire Protectian Water Storage
a-1602 ltydropneumatic Tank
Q-1603 Diesel Fuel Ol Tank

Wood Chips
Wood Chips

ETOH/Gasol ine
Gosoline

H:O
D
Diesnl Fual
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6,300
300
25,000

5,120
800

84, 0900
b, h23

53,000
ho
67

Comments

Dlaphragm Typo



Item
MNo.

Section {100

P-101A-F
P-102A-F
W-10t
wW-102
W-103A.8
W-104A-F
W-105A-F
W-106

Section 200

P-201A&B
P-202A8B8
P-203A.8
P-204A,8

R-201

W-201
W-202
W-203

v-201
Section 300

G-301A-F
G-302
G~-303

P-3C1A.B
P-302A.,B
P-303A,B
P-304
P-30%5
P-30B
P-309

R-301A.B

W-302

TABLE C-3

MOTOR LIST
Rated Total
Number Hp Operating

Sarvice Operating (each) Hp
Acid Recycle Pumps 5] 15 405
Sulfuric Aclid Metering Pump { 0.5 0.5
Inclined Conveyor Feeder i 3 2
Pretreatment Feed Canveyor i 3 2
Impregnatton Vessel Feed Conveyor 2 5 4
Impregnation Vessel Screw Conveyar G 50 40
Impregnation Product Screw Conveyor G 10 8
Central Product Balt Conveyor { 2.5 10
Anaerobic Digester Feed Pump i 15 i1
Lignin Centrifuge Feed Pump 1 7.8 7
Water/Alkall Wash Feed Pump 2 15 g
Water Wash Recycle Pump 2 10 20
Vacuum Pump 1 1 1
Vibrating Rotary Feeder 1 53 4
Washer Screw Conveyor 1 7.5 54
Washad Cellutose Lift Conveyor 1 12.5 10
Counter-Current Water/Alkali Wash 1 150 120
Farmenter Agitators & 150 720
Primary Seed Vessel Agitator 1 3 3
Seed Culture Vessal Agitator i 1 1G
Fermenter 1 Recycle Pump 2 10 15
Fermenter 2 Recycla Pumnp 2 10 20
Fermenter 3 Product Pump 2 10 20
Enzyme Seed Pump { 3 1
Seed Culture Pump 1 C.5 .1
Ammonia Pump | 0.5 O.t
CS5L Pump | 0.5 0.1
Alr Compressor 2 2277 4554
Enzyme Fermenter Feed Conveyor 1 ag 5

1 of &

Comments

intarmittent

Intermittent
Intermittent

Steam Driven

Intermittent



Iteun
Ho .

V-302

ection 400
G-401A-L
G-402A.,B
G-403A,B
G~-404

P-401A .8
P-403A ,88C
P-404A ,B&C
P-405
P-407A .8

W-401

W-4024.8
W-403
W-404
W-405

V-401
Sacilan 500

P-501
pP-6502
P-503
P-504
P-505
P-506
P-507
P-508
P-509

R-501

Sarvice

Clean In Place System

TABLE C-3 {(Cont)

Hydrolysis Reactor Aglitators
Enzyme Racovery Tank Agitators
tiydrolysis Recycle Centrifuga

Hydrolysis

Centrtfuge

Enzyma Racovery Punp

Evaporator

Faed Pump

Iydrolysis Recyclte Pump
Sulfuric Acld Matering Puump
Hydroiysate Puunps

Hydrolysis and Enzyme Prod Feed

Conveyor

Hydrolysis Reactor Feed Conveyor
Water Wash Conveyor

Washer Screw Discharge
Lignin-Transfer Conveyor

Counter-current Wash

Evaporator
Evaporator

Evaporator
Evaporator
Evaparator
Evaporator
Evaporator
Evaporator

Evaporator

Fead Pump
Circulation

Clrculation
Cilirculation
Clrculation

Pump. No.
Evaparator Circulatfon Pump Ho.
Pump. No'.
Pump Ho,
Punp. HNo.

Condansate Pump Mo,
Condensate Pump No. 2
Cangdensata Pump Mo. 3

Vacuum. Pump

[4: I AR SRR

2 0f &

Rated Total
Numbar Hp Operating

Operating (each) ' Hp
1 150 50
i2 100 860
2 125 200
2 500 800
1 350 280
t 10 9
2 i5 20
2 S 9
i G. 0.
2 a0 27
1 40 32
2 S0 40
L] 3 2
1 3 2
1 4 3
1 300 240
1 B8O 600
1 880 600
i 880 600
i 880 600
| 8agQ 600
1 88¢ 600
i 880 600
i 080 600
| 8B0 600
i 8no ‘600

Comments

Intermittent

Intermittent



Item
No.

Section»GOO

G-8601 -

P-50f
P-602

P-603
P-604A .8, 8C
P-60SA-C,&D

R-601
R-602

TABLE C-3 (Cont}

Service

Mix Tank Agitator

Mix Tank Feed Pump

Immobi1ized Bead Tank Feed Pump
Bear Still Feed Tank Feed Pump
Refrigerated Water Circ Pump
Second Stage Fermanter Feed Pump

Air Compressor
Refrigerant Compressor

*Included as an annual! oparating cost for the entira fermentation package.

Section 700

P-701A3B
P-702A8B
P-T7034A88
P-T704A88
P-705A&B
P-707A8B
P-70BASB
P-709
P-T12
P-T713A88
P-715
P-716
P-T2tARB

P-724
P-725A88

Section 800
P-8014A88B
P-BO2

P-B03

R-801

Bear Stil1 Reflux Pump

Anhydrous Column Reflux Pump

Recovery Column Reflux Pump

Beer Sti111 Rebailer Circulattan Pump
Ethanol Product Pump

Anhydrous Column Feed Pump

Backstillaga Pump

Anhydrous Column Rerun Pump
Entrainer Makeup Pump

Recovery Column Bottams Pump

Anhydrous Column Recycle Pump

Beer Still Feed Pump

Anhydrous Column Reboller Condensate
Pump

Fusel 0il Product Pump

Recovery Column Fead Pump

Digester Fead Pump
Nutrient Feed Pump
Digested Sludgs Pump

Methana-Rich Gas Compressar

3 of 6

Rated Total
Number Hpx Operating
Operating {each} Hp
1
1
1
i 10 10
2 5 4
.3
1 10 5
{ 1233 1233
1 7.5 5
] 10 7
t 3 2
{ 1.5 i
{ 1.5 1
1 5 3
1 10 T
i 0.5 0.5
| 0.5 -
{ 0.5 0.5
1 3 2
i 20 15
] 1.8 1
{ 0.5 0.5
1 1.9
{ 10 ]
1 0.5 0.5
1 10 8
1 175 140

Comments

intermittent

Vendor Package
Vendor Package



Item
Mo .

Secktion 900
G-904

P-901
P-902

R-901
R-902

W-901t
wW-802
W-903%
W-804
W-905

Section 100G
G- 1005

G- 1006

G- 1007
G-1008
G-1009
G-1010A,B"
G-1012

W-1001§
W-1G02
W-10G3
W-1004
W-10054,8
W- 1006
W-1007A.8
W- 1008
W- 1003
W-1010
W-1011
W-1012
w-1013

Section 1100
G-¥102A-F

P-1101A ,BAC

TABLE C-3 {Cont}

Service

Lignin Centrifugse

Fual 011 Unloading Pump
Fual D11 Pump

Primary Air Fan
Induced Draft Fan

Bofler Screw Feedar

Asty S11a Fead Screw Conveyor
Lignin Ray Bin Screw Feeder
Baller Wood Chip Conveyor
Boiler Wood Chlp Screw Feeder

Scalping Screen

Pr imary Magnatic Separator
Sacondary. Magnetic Separator
Stone Trap

Wood Chip Blower

Three Dsck Chip Screens
Storage Silo w/Screw Dlscharge

Unloading Bin Drag Chain
Scalping Screen Fead Drag Chain
Double: Wing Belt Stacker
Stackear feed Conveyor

Traval ing Scraper/Reclainer
Storage Pile Transfer Conveyor
Raeclaimer Belt Conveyor

Wood Chip Elevating Conveyor
Fines Transfer Conveyor

Large Chip-Transfer Conveyor
Mecdlum Chip Transfer Conveyor

Clean Wood Chip Transfer conveyor

Boiler Fual ¥ransfer Conveyor

Induced Draft Fan

Cooling Water Clrculation Punp

Hatad Total
Humber Hp Operating
Operating (each) tip
| oo 240
1 7.5 0.5
t 2 0.1
1 1410 1130
1
i 3 2
t 1.5 i
1 L] ]
| a5 20
1 { 1
| 1.5 5
1 5 3
L § 5 3
1 0.5 0.5
¥ 60 aa
2 10 6
1 25 15
1 75 45
i 75 45
] 20 12
| 3 40 24
2 130 78
f 25 353
2 a0 18
1 25 15
t 2 i
¥ 2 i
1 3 2
i 25 15
1 20 16
& 60 360
2 250G 460

Comments

Intermittant
Intermittent

Intermittent
Intarmittont
Intermittent
Intermittent
Intermittent
Intermittent
Intermittent

Intermittent
Intermittant
Intermittent
Intermittent
Intermittent
Intermittent
Intermittent
Intermittent
Intermittent
Intermittent
Intermitiant
Intermittent



Item
No.

V-1101
v-1102

Section 1200

G-1204A,B,58C
G-1209
G-1210
G-1211¢
G-1212A-H
G-1213
G-1214
G-1215
G-1216
G-1217A,8,8C

P-120C1A&8
P-1202A88
P-1203A%B
P~1204A88
P-~1205A8B
P-1206
P-1207A88
P-1208A88
P-1209A,8,8C
P-1210A88
P-1211A&B
P-1212A88
P-1213A8B
P-1214A88
P-1215A8B
P-1216A88B
P-1217A88B
P-1218
P-1219
P-1220A88
P-1221A,B,8C

R-1201
R-1201

W-1201

TABLE C-3 (Cont)

Service

Inhibitor Feed System
Acid Feed System

Belt Filter Prass
Neutralization Tank Agitator
Primary Clarifier Rake
Secondary Clarifier Rake
Aeration Basln Agitator
Final Clarifier Rake

Sludge Thickanaer Rake
Polymer Feed Tank Agltator
Sludge Mixing Tank Agitatar
Trickliing Filter Fans

Settling Basin Effluent Pump
Separator Water Pump

Sutfuric Acld Feed Pump
Sodium Hydroxide Feed Pump
Primary Clarifier Sludge Pump
Polymer Transfer Pump

Palymer Feed Pump

Filtrate Transfer Pump
Trickiing Filter Feed Pump
Secondary Clarifier Studge Pump
Final Clarifier Sludge Pump
Neutralization Feed Pump
Nautralized Effluent Pumps
Ammon fum Hydroxide Feed Pump
Phosphoric Acid Feed Pump
Clean Water Discharge Pump
Belt Filter Washwater Pump
CO: Wash Column Pump

Vent Scrubber Pump

Studge Thickener Underflow Pump
Sludge Transfer Pump

COr Wash Column Blower
Vent Scrubber Blowser

Thickened Sludge Conveyor
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Rated Total
Number Hp Operating
Operating (each) Fp
i 2.5 2.5
1 2.5 2.5
2 5 a8
1 0.5 0.1
1 .5 0.5
] 0.5 0.5
a8 680 384
1 0.5 0.9
i 0.5 0.5
1 i 1
i 2 2
2 i 2
1 3 1
1 3 1
1 L 0.5
1 | 0.5
1 5 4
{ 1 0.5
i i 0.5
i 5 E: |
2 0 g8
1 5 4
1 g 4
1 2 ]
1 3 1
I 1 1
1 1 1
i 25 i8
1 3 1
i 0.79 0.5
i 0.5 0.5
1 3 2
2 2 3
1 160 120
i 15 12
f 2z 1

Comments

Intermittent

Intermittent
Intermittent
Intermittent
Intermittent
Intermittent
Intermittent
Intermittent

Intermittent

Intermittent

Intermittent

Intermittent



TABLE C-3 {(Cont)

Rated Yotatl
Item Humbar Hp Dperating
Ng. Servicea Dperating (each}) Hp Comments
Saction 13060
P-13014 Sadium Hydroxide Feed Pump ’ | | 0.1 Intermittent
P-1302 : Sulfuric Acid Feed Pump 1 0.5 o.t Intermittent
Section 1400
P-140G1A.B UDenatured Alcohol Loading Pump 2 843 2 Intermittant
P-1402 Gasoline Unloading Pump 1 1o 0.5 Intermittent
P-1403A,8 Gasaoline Mataring Pump ] 0.5 0.1
Section 1500
P-1501% Caustic Pump i 0.5 - Intermitteant
RP-1502 tiydrachloric Acid Pump t 0.5 = Intermittent
P- 1503 Deaerator Fead Pump t 5.0 4
#-1504 ) Bofler: Feedwater Pump t 250¢ 206
Sectlon 1600
P- 1601 Motor Driven Fire Pump - 300 - Not normally
: opearating
P- 1602 Jockey Fire Pump . ] 16 8
P-1G0O4A,8B Diesal Fuel Oil Punp t 5 B - Not normally
‘ oparating
R-1601 Instrument Afi{r Compressor | 125 100
R~-1602 Ingtrument Service Alr Compressor 1 125 100

G of 6



APPENDIX D

MaP OF THE ISLAND OF HAWAITZ



APPENDIX D
Site Area Map.

sy KAUAL
2 OJ
NIIHAU 0AHU
‘(:ts MOLOKAL
=

|

Lanal QD"AU
A

KAHOOLAWE _ qawall

Leleiwi P

Cape
Kumukahi

5 0 5 o s

CONTOUR INTERVAL - 1000 FEET

SCALE: 1:250,000

Ka Loe {South Pt)



Document Control | 1. SERI Report No. 2. NTIS Accession No. 3. Recipient's Accession No.
Page SERI/STR-231-3138
4, Title and Subtitle 5. Publication Date
Economic Feasibility Study of an Enzyme-Based Ethanol June 1987
Plant, A Subcontract Report 3
7. Author(s) 8. Performing QOrganization Rept. No.
9. Ferforming Organization Name and Address 10. Project/Task/Work Unit No.
Stone & Webster Engineering Corp. \ 5260.10
Boston R MA _ 11. Contract (C) or Grant (G) No.
(€ ZX-3-03097-1
(G)
12. Sponsoring Organization Name and Address ' ' 13. Type of Report & Period Coverad

Solar Energy Research Institute )

A Division of Midwest Research Institute Technical Report

1617 Cole Boulevard 13,

Golden, Colorado 80401-3393

15. Supplementary Notes
Technical Monitor: John Wright

16. Abstract (Limit: 200 words) This report presents:-an economic feasibility study of an
enzyme-based ethanol plant. The objectives of the study were to determine: the
current economic status of the conversion of Tignocellulose to ethanol via
enzymatic hydrolysis and to make recommendations for further R&D.:  The results
include an integrated process design, a capital cost estimate, an investment
analysis, and R&D recommendations. The site for: the enzyme-based ethanol plant
is on the jsland of Hawaii, near the city of Hilo.  The fill-scale plant will
be capable of producing 15 million gallons per year of fuel«grade ethanol. from
eucalyptus wood chips.

17. Document Analysis .

a. Descriptors Hydrolysis, enzymatic hydrolysis, cellulolytic activity, ethanol,
ethanol fuels, biomass conversion plants, eucalyptuses, feasibility
studies, economic analysis

b. Identifiers/Qpen-Ended Terms

¢. UC Categories

18. Availability Statement 19. No. of Pages

National Technical Information Service
U.S. Department of Commerce
5285 Port Royal Road 228

Springfield, Virginia = 22161 20. Price

A1l

Form Mo. 0069 (3-25-82)




